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THE BIOLOGY.OF SPIDER POPULATIONS IN ALDER WOODLAND 
(WITH AN EMPHASIS ON THE ENERGY DYNAMICS OF 
ROBERTUS LIVIDUS (THERIDIIDAE) AND META SEQ^NTATA (ARGIO PIDAE) 
by 
T.A. GEYER, B.Sc, Postgrad. Cert. Ed. (Hull) 
Senior Lecturer i n Biology, Bede College of Education, 
Durham. 
being a thesis presented i n candidature (part-time) 
for the degree of Doctor of Philosophy of the University of Durham. 
'No single measurement is i n t r i n s i c a l l y 
s i g n i f i c a n t . A l l measurements derive their interest 
from t h e i r context and the richness of predictive 
generalizations that can be produced from them' 
L. B. Slobodkin on 'Energy i n Animal Ecology' (1962) 
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ABSTEACT. 
A. survey of a spider community i n a l d e r woodland was 
c a r r i e d out between I967 and I969. From the information on 
d i s t r i b u t i o n , abundance, and standing s t a t e s of s p i d e r s , two 
s p e c i e s were s e l e c t e d for ein e n e r g e t i c s study, 
Robertus l i v i d u s and Meta segmentata. having d i f f e r e n t 
e c o l o g i c a l c h a r a c t e r i s t i c s , were used to evaluate the flow of 
energy (A) through spider populations. The energy a s s i m i l a t e d (A) 
was estimated from the sum of net production (P) and r e s p i r a t i o n ( R ) , 
Such estimates depend from the outset on reliabUe data on numbers 
of i n d i v i d u a l s , f o r which purpose appropriate sampling methods 
were devised. 
S u r v i v o r s h i p and i n d i v i d u a l growth curves, which 
were constructed from density and i n d i v i d u a l biomass a t each 
census, were used to estimate net production, CaeLorific 
e q u i v a l e n t s were obtained with a miniature bomb calorimeter, 
A c o n s t a n t l y recording device measured s p e c i f i c 
metabolic r a t e s at given temperatures. By regression 
a n a l y s i s , these r a t e s were r e l a t e d to f i e l d temperatures. 
An o x y - c a l o r i f i c value was then used i n conjunction with 
population biomass a t each census, to estimate c a l o r i e s 
expended during maintenance metabolismT 
J SUMMARY 
1. I n a general survey of the spider community i n alder woodland 
(area about 0.36ha), 49 species were found representing 
8 families. 
2. A l a t e r a l , repellent type of extractor was used for removing 
spiders from the ground zone. A modified use of the sweep 
net, referred to as 'bagging', removed spiders from most of 
the foliage. 
3. With very few exceptions, species t y p i c a l of the ground zone 
are found at a l l times of the year. Species i n the layers 
above frequently have a marked seasonal d i s t r i b u t i o n . 
4. Robertus li v i d u s (Theridiidae) and Meta segmentata 
(Argiopidae) were selected for a detailed energetics study. 
The young of both spiders could be separated from those of 
other species, while a l l stages appeared to be adequately 
sampled. 
5. I n an order of numerical dominance for the ground zone, 
R.lividus ranked No.5. I n terms of mean monthly biomass, 
the population of adult M.segmentata was the most prominent 
i n the f i e l d layer. 
6. An overlap of generations occurred i n R.lividus, a l l stages 
of which were found throughout the year. Eggs of the main 
cohort i n M.segmentata hatched i n May and development was 
completed by the beginning of October, when cocoons were 
constructed. 
7. Both species appeared t o have 5 i n s t a r s a f t e r emergence 
from the egg. Development time a f t e r hatching varied 
between 6 and 9 months i n R . l i v i d u s , w h i l e the period 
f o r M.segmentata was between.5 and 6 months. 
8. The s p a t i a l patterns o f R . l i v i d u s were described by Taylor's 
Power Law. Early i n s t a r s were aggregated while adults were 
s o l i t a r y or randomly d i s t r i b u t e d . Aggregations of emergent 
spiders i n the a r g i o p i d species gave way t o a regular 
d i s t r i b u t i o n i n l a t e r stages, c o i n c i d i n g w i t h seasonal 
development o f the vegeta t i o n . 
9. Biocontent of spider m a t e r i a l was determined f o r both species 
and f o r some woodland representatives. Values ranged between 
5.2 and 6.4 Kcals/g dry weight (ash f r e e ) . 
S i g n i f i c a n t d i f f e r e n c e s were detected between males and females 
( a d u l t s of a l l species). 
I n general, c a l o r i f i c values increased w i t h age, w i t h newly 
moulted females of M.segmentata having about the same biocontent 
per gram as spent females. 
Eggs y i e l d the highest values, 6.001Kcals/g i n R . l i v i d u s , 
and 6.377 Kcals/g i n M.segmentata. 
10. Respiratory rates (y 02/mg wet wt/hr) were temperature 
dependent w i t h an average Q^ ^ of 2.7 and 3.0 f o r R. l i v i d u s 
and M.segmentata, r e s p e c t i v e l y . The temperature range was 
between 5°C and 15°C. 
I n the former species, respiratory energy turnover came to 
2 2 2.7Kcals/m /annum, compared with 1.0 and 1.4 Kcals/m /annum 
i n M.segmentata. 
11. Production (P ) i n R.lividus was estimated from the 
survivorship curve of a mean 'cohort', the members of which 
were regarded as discrete individuals (V) passing through 
the population. 
I n M.segmentata, population density (N) on each sampling 
occasion, multiplied by individual growth rates, provided 
estimates of production (P ) . 
12. Growth of the mortality fractions (E) were taken into account 
and together with moult loss (ML) contributed to t o t a l 
production (P). 
Neither excretion (U) nor webs used to ensnare prey, were 
investigated as components of production. 
2 
Total production (P) amounted to 1.8 Kcals/m /annum i n 
2 
R.lividus, and 0.88 (1968) and 0.95 (1969) Kcals/m /annum 
i n M.segmentata. 
13. Assimilation (A) was estimated from the sum of R + P. 
In the t h e r i d i i d species, a mean standing crop of 0.224 
2 2 Kcals/m /annum assimilated 4.5 Kcals/m /annum. 
2 
I n M.segmentata, standing crops of 0.203 and 0.281 Kcals/m /annum 
2 
had a t o t a l energy turnover of 1.9 and 2.4 Kcals/m /annum, 
respectively. 
14. The P/R ratios were between 67% and 85%. Mean net production 
efficiencies (P/A) came to 40% i n R.lividus and to 40% and 
46% i n the argiopid species. 
15. The re l a t i o n between annual respiration and production i n the 
two species i s described by the regression equation (McNeill and 
Lawtoh 1970) for short-lived poikilotherms. 
16. Reproductive efficiencies and breeding success were apparently 
related to differences i n modes of l i f e . Egg production (P^) 
i n R.lividus accounted for only 6% of t o t a l production (P). 
This contrasts with about 30% i n M.segmentata./. 
17. Monthly mean densities i n the whole study area ranged between 
2 
502 and 965 spiders per metre . The largest contribution 
came from the ground zone which amounted to about 4/5 of 
monthly t o t a l s . 
18. Monthly standing crop of the spider community ranged between 
2 
117 (February) and 292 mg dry weight per metre . These 
2 
values were equivalent to 0.65 and 1.7 Kcals/metre . 
19. Density and standing crop declined markedly from the ground 
zone to the upper canopy. Mean monthly standing crop (per 
metre) for the l i t t e r layer was 0.67 Kcals, 0.29 Kcals for 
the f i e l d layer, 0.11 Kcals i n the lower canopy, and 0.02 
Kcals at the highest levels. 
20. Average monthly biomass for the whole spider community 
2 
amounted to 1.1 Kcals per metre . 
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INTRODUCTION 
Energy from s o l a r r a d i a t i o n , a l b e i t a minute 
f r a c t i o n , i s made a v a i l a b l e to heterotrophic organisms by 
autotrophic forms, Lindemann (19^2) v i s u a l i z e d a t r a n s f e r 
of energy from one trophic l e v e l to the next by applying 
the Laws of Thermodynamics w i t h i n the context of the ecosystem. 
Hence, 
S o l a r energy autotrophs or primary secondary 
primaury producers consumers consumers 
The very existence of an animal within an 
ecosystem i s determined by i t s a b i l i t y to a s s i m i l a t e some 
of the a v a i l a b l e energy. At whatever l e v e l of organization, 
whether i t be the i n d i v i d u a l animal, the species population, 
or tr o p h i c l e v e l , energy enters i n the food consumed (C) 
minus the r e j e c t e d portion (FU). At l e a s t part of t h i s 
energy i s l o s t a s heat of r e s p i r a t i o n (R) during maintenance 
metabolism, w h i l e the remainder i s used to accumulate 
organic m a t e r i a l (P) through growth or reproduction. 
Hence, energy flow or t o t a l a s s i m i l a t e d energy (A) i s 
represented by 
A = C - FU and A = R + P 
There aire three main approaches to the study 
of e c o l o g i c a l e n e r g e t i c s (Engelmann 1966), F i r s t , 
p h y s i o l o g i c a l s t u d i e s which are concerned with the i n d i v i d u a l 
organism and r e l a t e to feeding c h a r a c t e r i s t i c s (C) and 
r e s p i r a t i o n ( R ) . Turnbull (1962) estimated the quantity 
of food consumed by the s p i d e r , L i n y p h i a t r i a a g u l a r i s . 
I t o (196^) and Miyashita (19^9^ have i n v e s t i g a t e d r e s p i r a t o r y 
energy l o s s i n l y c o s i d s p i d e r s . The second approach has 
been designated the 'Bornebusch' method, which i n the modern 
context, seeks to compare energy flow between species 
populations. F i n a l l y , there i s the trophic-dynamic approach 
which u t i l i z e s Lindemann's {19k2) model of energy r e l a t i o n s 
w i t h i n whole communities (Slobodkin I962), The second 
method was the approach adopted i n the present study. 
While the b i o - e n e r g e t i c s of primary consumers 
i n t e r r e s t r i a l ecosystems have been the subject of severail 
i n v e s t i g a t i o n s , notably by Smalley (I96O), Wiegert (196^) 
and S a i t o (1965| 196?), there i s a paucity of data on 
predatory i n v e r t e b r a t e s . Recently, estimates for the l a t t e r 
group have been obtained for an e l a t e r i d beetle (Dutton I968), 
f o r centipedes of the genus L i t h o b i u s (Whignarajah I968), 
and a carabid b e e t l e (Manga 1970). 
Spiders appear to d i f f e r from most secondary 
consmners i n that they are present w i t h i n many ecosystems 
i n l a r g e numbers and represent numerous s p e c i e s . T h i s 
r a i s e s the problem of s e l e c t i n g appropriate s p e c i e s f o r 
an e n e r g e t i c s study. Although the taxonomy of s p i d e r s 
i n B r i t a i n i s w e l l dociunented (Locket and Milli d g e 1951, 
1953)» d e t a i l e d and systematic e c o l o g i c a l s t u d i e s on spiders 
have been undertaken i n only two ecosystems, Duffey (19^ 2» 
1956) has described the ©ommxmity of s p i d e r s i n limestone 
g r a s s l a n d , while Cherrett (I96I) i n v e s t i g a t e d spiders 
a s s o c i a t e d with moorlands. The s t u d i e s of Tum b u l l (196O) 
and Luczak (I963) on woodland s p i d e r s , those of oak and 
pine, r e s p e c t i v e l y , were of a q u a l i t a t i v e r a t h e r than a 
q u a n t i t a t i v e nature. Gabbutt (1956) r e s t r i c t e d h i s 
observations to sp i d e r s of oak l i t t e r . 
The b i o - e n e r g e t i c s of sp i d e r populations 
have r e c e i v e d scant a t t e n t i o n . While Breymeyer (196?) 
and Kajak (196?) have published data on the b i o l o g i c a l 
p r o d u c t i v i t y of s p i d e r s i n a meadow ecosystem, t h e i r 
s t u d i e s Vi©?;©' of a preliminary nature and, therefore, were 
f a r from complete. 
The purpose of the present work i s two-fold. 
F i r s t l y , to provide a d e s c r i p t i o n of the s t r u c t u r e of a 
sp i d e r community i n an eilder wood. Data on l i f e - h i s t o r i e s , 
s e asonal d i s t r i b u t i o n , d e n s i t y and standing crop, were used 
to prepare the way for the next o b j e c t i v e . This second 
and main o b j e c t i v e i s the evaluation of the r o l e of two 
s p e c i e s of s p i d e r s i n promoting energy flow within a 
woodland ecosystem. 
There are i n s u f f i c i e n t data on the energetics 
of s p i d e r s to speculate on the s i g n i f i c a n c e of the r e s u l t s 
i n the context of the whole ecosystem. However, d i f f e r e n c e s 
i n energy flow take account of adaptations to d i f f e r e n t modes 
of l i f e . I t was a l s o p o s s i b l e i n the present study to 
r e l a t e the data to some of the e x i s t i n g information on the 
bi o - e n e r g e t i c s of t e r r e s t r i a l i n v e r t e b r a t e s as a whole. 
CHAPTER ONE 
THE STUDY AREA, 
( a ) Location acnd weather 
The i n v e s t i g a t i o n was c a r r i e d out i n an area 
of about 2ha w i t h i n Wynyard E s t a t e ( g r i d ref,42^ 2 8 ? ) which 
i s 15 m i l e s south-east of Durham C i t y i n North-East England, 
The s i t e i s about 6? metres above sea l e v e l (O.D,), 
Boulder c l a y has covered many par t s with 
impeded drainage and a water table reirely more than 20cm 
below the s u r f a c e . The s o i l was a c i d i c with values of pH 
mainly between ^ ,0 and 6 , 0 , 
The average r a i n f a l l for the immediate area 
surrounding Durham i s i n the range of 70 to 79cm, with 
average a i r temperatures of 8 ,2°C. (weather reports of 
Durham and H a r t l e p o o l ) , 
I n 1967, when sampling commenced, temperatures 
were higher ( 8 , 6°C) than i n I968 and I969. A l l three years 
experienced s l i g h t l y higher r a i n f a l l than the average, A 
mild and dry s p r i n g occurred i n 1968, However, summer 
temperatures were lower ( J u l y mean 13.1°C)>than i n I969 
( J u l y mean 15 ,9°C) and there was considerably l e s s sunshine. 
The autumn of I968 was very mild, with the f i r s t ground f r o s t 
i n December, 
(b) Vegetation 
General views of the sample area axe shown 
i n F i g u r e s 1 and 2, 
A mixture of silder and b i r c h covers the area 
although c o n i f e r p l a n t a t i o n s are seen over much of the E s t a t e 
and belong to the F o r e s t r y Commission, 
A permanently moist s o i l supported quite a 
r i c h bryophyte f l o r a comprising Lophocollea heterophyla Schrad. 
and s p e c i e s of P e l l i a and E i s s i d e n s , t y p i c a l woodland mosses 
(Dixon 1955) such as Mnium hornum L, Hypnum cupressiforme Hedw,, 
D i c r a n e l l a heteromalla Schp., and Thuidium tamariscinum B, & S. 
Grass was often much i n evidence e s p e c i a l l y 
where there was surface c l a y , Deschampsia caespitosa Beauv,, 
E o l c u s l a n a t u s L,, and- H.mollis L., and Poa t r i v i a l i s L, 
Dog's mercury (MercurisuLis perennis L.) aind rose-bay willow 
herb (Chamaenerion angustifolium L.Scop.) formed extensive 
patches. The outstanding p l a n t a s s o c i a t i o n s were bramble 
(Rubus f r u t i c o s u s L, s e n s u l a t o ) , bracken (Pteridium aquilinum L,) 
and male fe r n ( D r y o p t e r i s felix-mas L,) The occasional b r i a r 
(Rosa canina L . ) , hawthorn (Crataegus monogyna Jacq.) and 
h a z e l (Corylus a v e l l a n a L.) a l s o occurred. 
The main t r e e s were a l d e r (Alnus sp.) and 
b i r c h ( B e t u l a s p . ) . Part of the l i t t e r was derived from 
a clump of sycamore (Acer pseudoplatanus L . ) . Complete 
documentation of the f l o r a i s given by Hughes (1970) , 
F i g . l . Study area i n w i n t e r (above) w i t h s o i l sample 
removed (below) 
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( c ) F i e l d temperatures 
VJhere metabolic s t u d i e s are involved, a record 
of temperatures i s important s i n c e laboratory data may have 
to be adjusted to accord as fsir as i s p o s s i b l e with f i e l d 
c o n d i t i o n s , 
Berthet's (I96O) technique had prev i o u s l y 
been used by Bolton (I968) and Whignarajah (I968) to measure 
temperature i n the study a r e a . However, the di f f e r e n c e 
between the chemical method and maximum-mini mum thermometers, 
compared over a s i x month period, was c o n s i s t e n t l y small, 
i . e , w i t h i n 1,5°C, I n view of t h i s , i t was considered 
adequate to record temperatures by means of thermometers. 
One max-min thermometer was buried i n 
l i t t e r to record temperatures i n the ground zone, while 
another, i n the fork of a tr e e at about 2M above the ground, 
provided data on a i r temperatures for the f i e l d l a y e r . 
R e s u l t s 
Mean monthly temperatures, from readings taken 
as f r equently as p o s s i b l e , are given i n f^^He^^, When these 
are presented g r a p h i c a l l y f or data from I 9 6 7 - I 9 6 8 , c h a r a c t e r -
i s t i c i n v e r s i o n s are seen. 
The readings from October to about A p r i l are 
s l i g h t l y above those recorded by Durham Observatory. This 
i s explained by the topography and vegetation. F i r s t , the 
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s i t e was on a gradient which faced south-west. Second, 
v e g e t a l covering reduces heat l o s s ( R u s s e l l 1950) . I n the 
summer, i n v e r s i o n s occurred between the i n s i d e and outside 
of the wood. A i r temperatures then were s l i g h t l y lower 
under the tr e e camopy, 
(d) S i t e c h a r a c t e r i s t i c s and the spider fauna 
The s i t e c o n s t i t u t e s p a r t of a woodland 
formation and re p r e s e n t s a semi-natural a s s o c i a t i o n of alder 
and b i r c h (Tansley 195^)* I t i s conveniently described i n 
terms of E l t o n and M i l l e r ' s (195^) c l a s s i f i c a t i o n of s i t e 
c h a r a c t e r i s t i c s , A plan of the main vegetal areas i s 
given i n Figure 4 , The area i n which sampling took place 
amounted to 0 , 3 6 h a , 
1, S u b - s o i l emd rock. I n the study area t h i s stratum i s 
comprised of boulder c l a y penetrated by the l a r g e r roots of 
the canopy l a y e r s . This was not sampled s p e c i f i c a l l y 
because there was no i n d i c a t i o n that s p i d e r s occurred here. 
Where the boulder c l a y came near to the surf a c e , p a r t of i t 
became incorporated i n the turves removed for sampling. 
2 . T o p s o i l , T h i s was equivalent to the A^ to B horizons 
of some pedologists ( R u s s e l l 1950),' In some areas i t 
comprised a c l a y loam while i n others i t was peaty, 
having a loose texture and contained the fibrous roots of 
f e r n and bracken. I t was w e l l penetrated by the tunnels 
Fig.4. Main vegetal areas i n the study s i t e 
A = alder trees 
B = b i r c h trees 
0 = oak tree 
S = sycamore trees 
b = bramble 
f = f e r n 
g = grass 
m = dog's mercury 
n 
O 
B b 
B B b B A B A b g b 
b 
f A b m A 
A b f b A A A b 
f f A b b b A f 
scale 
I ^ 20 M 
of v o l e s and shrews. The immature stages of many spiders 
were found i n these peaty a r e a s . The thickness of the top 
s o i l v a r i e d from about 3 to 15cm. A l a t e r a l e x t r a c t o r 
of the type o r i g i n a t e d and used by Duffey (I962) was 
constructed to remove the sp i d e r s from t h i s l a y e r as w e l l 
as from the ground zone, 
3 . Ground zone. This included the surface l i t t e r which 
could be brushed away by hand, the r e l a t i v e l y r i c h bryophyte 
f l o r a and forbs not exceeding 15cm i n height. The l i t t e r 
accumulated from September onwards and reached a maximum i n 
December, and then declined s t e a d i l y over the spring and 
summer. 
As E l t o n (195^) says, t h i s l a y e r i s probably 
the narrowest i n depth but i s the most complex. As w e l l as 
being the home of the ground l i v i n g s p i d e r s , a l l organisms 
must a t some time be involved i n the energy r e l a t i o n s h i p s 
of t h i s l a y e r ' . . . . . by t h e i r a c t i v i t y i n l i f e which bring 
many spec i e s to the ground i f only as t r a n s i e n t s ...' 
for example, s p i d e r s descending to l a y t h e i r cocoons i n 
l i t t e r l i k e Meta segmentata mengei i n the e a r l y summer, 
and Meta segmentate i n the Autumn together with Helophora 
i n s i g n i a , L i n y p h i a t r i a n g u l a r i s and a host of smaller 
s p e c i e s of L i n y p h i i d s . Also found are the over-wintering 
stages of X y s t i c u s c r i s t a t u s , the young and med.eB of Meta 
segmentate mengei, the sub-adults and ad u l t s of Lepthyphantes 
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a l a c r i s , and a very l a r g e number of young belonging mainly to 
the T h e r i d i i d a e and L i n y p h i i d a e . 
Except f o r the winter months there must be 
a c o n t i n u a l r a i n of excretory products of sp i d e r s , c a s t o f f 
webs, the dismembered fragments of i n s e c t prey, exuviae, 
and the a c t u a l bodies of s p i d e r s dying through imperfect 
ecdyses, i n f e c t i o n or s e n i l i t y . I n the spring and autumn 
v a s t numbers of cocoons, once white but then yellow and f r a s s 
f i l l e d , are l e f t behind by a mass exodus of emergent sp i d e r s 
as they disperse f o r other l a y e r s . 
4 . F i e l d l a y e r ( u s u a l l y below 1 .8 metres). The vegetation 
here may be divided i n t o low and high l e v e l s , the former 
dominated during the open phase by grass and dog's mercury 
( M e r c u r i a l i s perennis L.) aind the l a t t e r by bracken 
(Pteridium aquilinxua L.) and bramble (Rubus f r u t i c o s u s L. 
sensu l a t o ) which by l a t e summer achieves em o v e r a l l 
dominsmce. 
The f i e l d l a y e r emerges from the ground zone 
i n A p r i l and May and the high l e v e l p l a n t species gradually 
occlude those below. This stratum i s penetrated by the 
trunks of t r e e s and dense outgrowths of a l d e r twigs, 
p r o v i d i n g almost unlimited n i c h e s for spi d e r s to l i v e i n . 
T h i s i s the main feeding l a y e r for many 
s p i d e r s aind s e v e r a l major f a m i l i e s are represented, namely, 
the Clubionidae, Thomisidae, Agelenidae. T h e r i d i i d a e , 
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Tetragnathidae. Argiopidae and Linyphiidae. The f i e l d l a y e r 
i s invaded from below i n March when immature stages disperse 
l e a v i n g behind g l i s t e n i n g l i n e s of web which s t r e t c h from 
the base of t r e e trunks to the upper canopy. I n A p r i l and 
May a d d i t i o n a l i n v a s i o n s of the emergent f o l i a g e i n t h i s 
l a y e r may come from the low canopy or from within the f i e l d 
l a y e r i t s e l f , Theridion p a l l e n s , T r a c h y n e l l a nudipeilpis, 
C o r n i c u l a r i a cuspidata and Dismodicus bifrona^ although at 
no time found i n the ground zone, make t h e i r appearance i n 
l a r g e numbers. They probably over-winter i n the c r e v i c e s 
of a l d e r bark (Duffey I969), Ciubiona s t a g n a t a l i s Kuleiaynolii, 
Porrhoma convexum (Weotring) emd Linyphia h o r t e n s i s Sundevall 
c e r t a i n l y do so, the l a s t nsimed s e a l i n g i t s e l f within the 
c r e v i c e by a t h i n sheet of web. 
By June, mature Meta segmentata mengei are 
very much i n evidence and by the end of the month return 
to the ground zone to l a y t h e i r cocoons. Eggs are l a i d 
i n the f i e l d l a y e r a t t h i s time by Ciubiona s t a g n a t a l i s 
and. C.lutescens, Theridion pictum and Linyphia p e l t a t a . 
I n most ca s e s the cocoons are to be found between two l e a v e s 
drawn together or attached to the underneath of a s i n g l e l e a f . 
Enoplognatha ovata l a y s cocoons i n J u l y . The eggs of a l l 
these s p e c i e s appear to have ein incubation period of between 
k and. 6 weeks. 
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As Meta segmentata mengei (Blaolnfoll) makes 
i t s descent to the ground zone, the over-wintering eggs of 
Meta segmentata and L i n y p h i a t r i a n g u l a r i s have hatched. 
The young q u i c k l y disperse f o r the f i e l d l a y e r and soon 
much of the vegetation i s covered by t h e i r webs. They are 
then j o i n e d by s e v e r a l s p e c i e s of Lepthyphantes and together 
c o n s t i t u t e the dominant s p i d e r s u n t i l the winter, 
5. The canopy l a y e r . T h i s reached 12m and was sub-divided 
i n t o lower (1,8M - 4M) and upper {k - 12M) canopies. Alder 
smd b i r c h formed most of t h i s l a y e r with some sycamore 
(Acer pseudopla±ajius), hawthorn (Crataegus monogyna Jacq.) 
and very small oak (Quercus s p , ) , 
, Few s p i d e r s were caught here u n t i l w e l l i n t o 
June, when the canopy became dense. This l a y e r was windswept 
fo r much of the time and r i s e i n temperature lagged behind 
the lower l a y e r s . By the beginning of October nximbers had 
f a l l e n s t e e p l y . Theridion p a l l e n s B l a c k w a l l (Turnbull I96O) 
was dominant together with Drapetisca s o c i a l i s , the l a t t e r 
o c c u r r i n g on the trunks of a l d e r emd the meiin branches. 
The males of Meta segmentata were sometimes found, presumably 
i n search of females. Aeronaut sp e c i e s , both mature and 
immature, occurred e s p e c i a l l y i n the spring, l a t e summer and 
autumn (Bristowe 1939, Duffey 1956). Numbers v;ere low 
i n e v i t a b l y , p a r t l y because of the d i f f i c u l t i e s of sampling. 
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Table 1. Species l i s t for Wjmyard sanqjle area 
A = alder trunk and canopy F = f i e l d layer G = ground zone 
1. Clubiona stagnatalis Kulczynski F. 
2. C.lutescens Westring F 
3. Xysticus cristatus (Clerck) G 
4. Lycosa pullata (Clerck) G 
5. Hahnia mbntana (Blackwall) G 
6. Theridion pictum (Walckenaer) F 
7. T. pallens Blackwall AFG 
8. Enoplognatha ovata (Clerck) F 
9. Robertas li v i d u s (Blackwall) G 
10. Pachygnatha cl e r c k i (Sundevall) G 
11. Meta segmentata (Clerck) AFG 
12. M. segmentata mengei (Blackwall) FG 
13. Araneus diadematus (Clerck) 
14. Trachynella nudipalpis (Westring) FG 
15. Prosopotheca monoceros (Wider) G 
16. Comicularia cuspidata (Blackwall) FG 
17. Dicymbium nigrum (Blackwall) FG 
18. D. t i b i a l e (Blackwall) G 
19. Gongylidium rufipes (Sundevall) 
20. Dismodicus bifrons (Blackwall) FG 
21. Gonatium rubens (Blackwall) F 
22. G. rubellum (Blackwall) FG 
23. Oedothorax fuscus (Blackwall) G 
24. Tapinocyba pallens (O.P. - Cambridge) G 
25. Monocephalus fuscipes (Blackwall) G 
26. Micrargus herbigradus (Blackwall) G 
27. Savignia frontata (Blackwall) FG 
28. Diplocephalus l a t i f r o n s (O.P. - Cambridge) G 
29. Erigone dentipalpis (Wider) FG 
30. Porrhomma pygmaeum (Blackwall) G 
31. P. convexum (Westring) FG 
32. Meioneta ru r e s t r i s (C.L. Koch) FG 
33. Centromerus sylvaticus (Blackwall) G 
34. C. dilutus (O.P. - CambridgeJ G 
35. Oreonetides abnormis^ (Blackwall) G 
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Table 1. (Contd ) 
36. Macrargus rufiis (Wider) G 
37. Bathyphantes nigrinus (Westring) FG 
38. Drapetisca socialis (Sundevall) A 
39. Bolyphantes luteolus (Blackwall) F 
40. Lepthyphantes alacfis (Blackwall) FG 
41. L. tenuis (Blackwall) G 
42. L. zimmermanni 'Bertkau; FG 
43. L. cristatus (Menge) FG 
44. L. mengei F fci^ic^/v-f^fei. 
45. L. pallidas (O.P. - Cambridge) 
46. Helophora insignis (Blackwall) AFG 
47. Linyphia triangularis (Clerck) FG 
48. L. peltata 'Widerj^ F 
49. L. hortensis {Sundevall) F 
(nomenclature according to Locket and Millidge 1953) 
Addendum 
T h e r i d i o n d e n t i c u l a t u m ( W a l c k e n a e r ) 
PgohyFrnatha doffoori S u n d o v a l l 
Meta mer i a n a e ( S c o p o l i ) 
1^ 
CHAPTER TWO 
THE SAMPLING PROGRAMME 
Int r o d u c t i o n 
Density r e f e r s to the number of individu6ils 
per u n i t area or volume of the h a b i t a t and represents an 
absolute number, Insofsir as spiders are concerned, there 
are comparatively few q u a n t i t a t i v e estimates i n the absolute 
sense. I n the study of energy flow through species 
populations, as accurate estimates as p o s s i b l e are e s s e n t i a l . 
R e l a t i v e determinations from general c o l l e c t i n g , searching 
over standard c o l l e c t i o n times, p i t f a l l t r a p s , sweeping and 
s t i c k y traps have been used i n the analyses of spider 
populations (Duffey I956, Merrett-1967, Luczak 1959, 1963, 
1966, T u m b u l l 1960), As Southwoodb (I966) points out, 
the important advantage of r e l a t i v e methods i s the low cost . 
of data i n terms of e f f o r t . 
Estimates which are clsdmed to approach 
absolute values liave been obtained by Gabbutt (1956), 
Duffey (1962), and Cherrett (I96 ) and r e f e r i n the main 
to r e a d i l y sampled h a b i t a t s with s o i l and l i t t e r and an 
e s s e n t i a l l y low cover of vegetation, Tullgren funnels 
or l a t e r a l e x t r a c t o r s were the main types of apparatus 
used to remove the spider fauna, Breymeyer (I967) hand 
sorted wandering s p i d e r s as a preliminary to a p r o d u c t i v i t y 
study, of wajidering s p i d e r s i n the ground zone. 
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I n woodlajid there axe an enormous number of 
p l a c e s i n which s p i d e r s may be found. As Turnbull (196O) 
p o i n t s out, many are hardly a c c e s s i b l e . Each feature of 
the h a b i t a t may require i t s own sampling technique, A. 
f u r t h e r problem i s seen when sampling r e g u l a r l y over a long 
p e r i o d . This i s the major transformation of the vegetation 
from the winter aspect to that of summer. Changes i n l i t t e r 
content and i n the density of ground and f i e l d l a y e r s , the 
c o n t i n u a l s u c c e s s i o n of new and d i f f e r e n t plant a s s o c i a t i o n s , 
v a r i a t i o n s i n weather which may a l t e r the texture of the s o i l , 
£ind the problem of a c c e s s i b i l i t y so that a l l p a r t s of the s i t e 
have an equail chsince of being seunpled, make a consistent 
programme of sampling d i f f i c u l t to operate. I n e v i t a b l y 
t o t a l d e n s i t y estimates of s p i d e r s i n a div e r s e ecosystem 
such as woodland must in c l u d e estimates r e l a t i n g to species 
more e a s i l y seunpled and so represent absolute numbers, and 
those which r e f e r to sp e c i e s which are only apparent during 
periods of pronounced a c t i v i t y . 
Robertus l i v i d u s , Oreonetides abnormis 
and some smaller L i n y p h i i d s l i k e Micrargus herbigradus 
which l i v e permanently i n the ground zone are probably 
adequately sampled using the r e p e l l a n t type of e x t r a c t o r . 
Other s p e c i e s such as Theridion p a l l e n s , Clubiona l u t e s c e n s , 
and D r a p e t i s c a s o c i a l i s , which may be found v i r t u a l l y i n 
any l a y e r depending on the season, must be represented by 
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r e l a t i v e estimates of d e n s i t y . The i n c r e a s i n g i m p e n e t r a b i l i t y 
of bramble with the approach of l a t e summer must a f f e c t to 
some extent the r e l i a b i l i t y of estimates f o r a l a r g e number 
of s p e c i e s , such as Meta segmentata, Lin y p h i a t r i a n g u l a r i s 
and the much smaller and often immature s p i d e r s . 
The t o t a l estimate of density for s p e c i e s 
as a whole must be compounded of both absolute and r e l a t i v e 
numbers, obtained from the a p p l i c a t i o n of both r e l a t i v e and 
absolute techniques for capture. I n order to obteiin as 
complete a p i c t u r e as p o s s i b l e of the spider fauna use was 
made of a l a t e r a l e x t r a c t o r , by sampling u n i t s of vegetation, 
sweeping, s t i c k y t r a p s , and by brushing tree trunks, 
(1) Ground Zone 
This included those p a r t s of the s i t e 
e a r l i e r r e f e r r e d to as the l i t t e r and t o p s o i l ( a f t e r 
E l t o n and M i l l e r 195^). 
( a ) S i z e atnd number of sample u n i t s 
0 
Duffey (1962) and Cherrett (I96I) removed 
2 
s o i l seunples of l/l6m i n t h e i r s t u d i e s of limestone and 
moorland s p i d e r s , r e s p e c t i v e l y . Numbers of spiders were 
higher than those p r e v i o u s l y recorded (e.g. Van der D r i f t 
1951; Gabbutt 1956). 
2 
I n the present study sample u n i t s of l/l6m 
2 
were a l s o chosen (25cm x 25cm - 625cm ) . When smaller 
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2 2 u n i t s of l/20m were t r i e d , numbers were lower per m . 
2 
Sample u n i t s i n excess of l/l6m l e d to h i g h l y vauriable 
heat gradients w i t h i n the t u r v e s . Furthermore, when 
waterlogged during periods of wet weather, large samples 
became heavy, were d i f f i c u l t to manipulate, and often broke 
up during removal. I n f a c t , i t was found that e x c e s s i v e l y 
d i s t u r b e d s o i l y i e l d e d c o n s i s t e n t l y fewer spiders than those 
which remsiined i n t a c t . 
Ten sample u n i t s were taken each month 
from October 196? to November 1968, This was the maximtun 
number which could be handled conveniently at any one time. 
During 1969 f u r t h e r samples were removed when spiders were 
s p e c i f i c a l l y r e q uired f or calorimetry and respirometry, 
(b) Hemoval of samples 
As a t h i c k cover of bramble often covered 
the ground i t was necessary to d i s p l a c e t h i s i n order to 
reach the sampling point below. I t was found that a box 
having the c o m e r s and edges made of dexion and having h a l f 
i n c h plywood s i d e s (Fig,5) could be pushed through the 
f i e l d l a y e r i n t o the s o i l . The area a t the base of the 
sampling box was s l i g h t l y under l/l6m^. As i t moved down 
i t e f f e c t i v e l y pushed aside the t a l l e r p l a n t s . One of the 
advantages was that very few s p i d e r s of the f i e l d l a y e r were 
found with those emerging from s o i l i n the e x t r a c t o r . 
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The bottom edges of the dexion were honed to produce sharp 
c u t t i n g edges which severed many of the lower stems, 
A l a r g e p a i r of se c a t e u r s was able to cut through the 
remaining stems and a l l but the very t h i c k tree roots 
which came neeo* to the s u r f a c e , A sharp spade could then 
be worked round the box to make a tur-f of l/l6m^,. L i f t i n g 
the spade a l s o l i f t e d the t u r ^ and sampling box which 
ensured that the s o i l kept i n one pi e c e . These were then 
l a i d on a beating t r a y , the sampling box detached aind the 
sample u n i t s l i p p e d i n t o a c l o s e f i t t i n g polythene bag ( F i g . 5 ) , 
T h i s was numbered and the open end s e c u r e l y t i e d . Thus no 
d i f f i c u l t i e s of t r a n s p o r t a t i o n arose and the samples were 
pl a c e d i n the e x t r a c t o r w i t h i n three hours of removal. 
The depth of sample u n i t s was almost constant 
because the base of the box had narrow but f l a t p i e c e s of 
dexion above the c u t t i n g edges which prevented i t from 
e n t e r i n g the s o i l more than about 12cm', Together with 
the l i t t e r , a turve of about 15cm i n depth was finsuLly 
removed. 
The few s p i d e r s escaping from the sample as 
i t r e s t e d on the beating t r a y were e a s i l y caught by a 'pooter* 
and deposited w i t h i n the polythene bag with the sample. 
Very o c c a s i o n a l l y a sample broke upi This was discarded 
£ind another taken from the same stratum. 
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( c ) Sampling pattern 
Heal y (1962) amd SouthwssxA. (1966) i n reviews 
on sampling procedure both podLnt out the merits of s t r a t i f i e d 
reindom sampling. P a r t i c u l a r l y important considerations aire 
the e l i m i n a t i o n of personal choice, an adequate coverage of 
the sample area as a whole, and the l o c a t i o n of s i t e s 
p r e f e r r e d by p a r t i c u l a r s p e c i e s of s p i d e r s . I n sin 
e n e r g e t i c s study where absolute numbers are required, a 
s p e c i e s e x i s t i n g i n only one or two s t r a t a cannot be 
considered for f u r t h e r i n t e n s i v e study s i n c e i t may not be 
adequately sampled, A case i n point was Oreonetides abnormis 
which was v i r t u a l l y confined to the f i r s t stratum. 
The sampling area as a whole was approximately 
2 
0,36ha, I t was divided i n t o k s t r a t a each of 900 metres 
and having c e r t a i n p l a n t and s o i l c h a r a c t e r i s t i c s :. 
Stratum 
Vegetation a l d e r sycamore 
bramble a l d e r 
grass bramble 
Mercurioilis fern 
3 ^ 
a l d e r a l d e r / b i r c h 
f e r n bramble 
bramble fern 
bryophytes grass 
t o p s o i l c l a y c l a y 
loam 
peat c l a y 
water t a b l e low high high low 
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A t o t a l of 10 sample u n i t s was removed each 
month. Two sample u n i t s of l/l6m^ from each stratum and 
i n a d d i t i o n two e x t r a sample u n i t s from two other s t r a t a . 
Sampling p o i n t s were determined within each 
stratum by the shaking of two dice w i t h i n a box,' The 
numbers on the dice r e f e r r e d to the paces taiken to s e l e c t 
a sample u n i t . The layout of the s t r a t a had to follow a 
curve to avoid those areas having very d i f f e r e n t vegetation 
e,g, canopy only of sycamore, and experimental p l o t s s e t 
up by colleagues p a r t i c i p a t i n g i n the same programme of 
r e s e a r c h . When i t was necessary i t was u s u a l l y p o s s i b l e 
to remove turves from the very base of t r e e s although these 
were often l e s s t h i c k than those obteiined elsewhere because 
of l a r g e roots J u s t beneath the s u r f a c e , 
(d) E x t r a c t i o n apparatus 
The r e l a t i v e l y l a r g e s i z e of spiders and 
t h e i r small numbers when compared with Collembola and Acarina, 
t h e i r greater m o b i l i t y and h i g h l y developed senses ( C h e r r e t t 
1961, Macfadyen 1962a), c a l l f o r a l a r g e sample s i z e and a 
method of e x t r a c t i o n which can handle the s o i l m a t e r i a l . 
F l o t a t i o n methods of the kind u t i l i z e d by S a l t and H o l l i c k 
{19kh) are i m p r a c t i c a b l e with l a r g e cimounts of organic 
d e b r i s . The s u c t i o n apparatus of Johnson et a l (1957) 
appears to have a low e f f i c i e n c y with only 76 spiders per m^ . 
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Macfadyen (1962b) considered that spiders 
r e q u i r e d a 'wet' regime of slow e x t r a c t i o n , l i t t l e draught, 
and high humidity. Gabbutt (1956) used t u l l g r e n fiuinels and 
e x t r a c t e d from l i t t e r over 3 days but does not s t a t e the 
temperature of the heat source or gradient. Duffey (I962) 
0 
e x t r a c t e d over 2 days with a temperature of 76 C and used 
a l a t e r e i l e x t r a c t o r . I n a modified form of that e x t r a c t o r , 
C h e r r e t t (I96I) was able to i n c r e a s e the temperature from 
o 0 
31 C to 150 C over a period of f i v e days £ind demonstrated 
the e f f e c t i v e n e s s of a longer e x t r a c t i o n period. Although 
a high r e l a t i v e humidity p r e v a i l e d , there were problems of 
condensation, 
Kempson et a l (I963) developed a 'dry' 
bowl e x t r a c t o r which maintained high temperatures and 
humidity. High e f f i c i e n c i e s of between 90 and 100^ for 
microarthropods were claimed. The Kempson apparatus, 
however, did not appear to be s u i t a b l e for the removal 
of l i v e s p i d e r s . The only way of obtaining specimens 
of Robertus l i v i d u s for respirometry s t u d i e s was by 
continuous e x t r a c t i o n . 
The l a t e r a l e x t r a c t o r of the kind employed 
by Duffey and C h e r r e t t was decided upon as the best 
a v a i l a b l e to remove spi d e r s from s o i l and l i t t e r . One 
advantage was th a t deep sample u n i t s of about 12cm t h i c k 
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could be accommodated e a s i l y without the need for spiders 
to force t h e i r way down eind through the s o i l to escape 
the heat sourceT^i I t was i n t e r e s t i n g to note that 
Whignaraosih>ls^.ex'traction m a t e r i a l derived from the same 
study area but obtained with a t u l l g r e n funnel, included very 
f&w small immature s p i d e r s . Furthermore, f a r l e s s debris 
had to be removed from the c o l l e c t i o n bowls thsm from those 
attached to the t u l l g r e n apparatus. Spiders were r e a d i l y 
seen i n the bowls and Robertus l i v i c U i s , f o r example, could 
withstand immersion for s e v e r a l hours. 
The e x t r a c t o r used i n the present study was 
made of wood, with an asbestos l i n i n g those p a r t s nearest 
the heat source ( F i g , 6 ) , T h i s c o n s i s t e d of r e s i s t a n c e 
wire from a 1 Kil o w a t t e l e c t r i c f i r e pK^'Awas suspended 
between two rows of f i v e 27 x 27cm sample boxes. These, 
with t h e i r l i d s , comprised the top \mit which could be 
removed from a f l a t base f o r cl e a n i n g purposes. Heating 
was c o n t r o l l e d by a simmerstat which gave two l e v e l s of 
heat, A metal g r i l l separated the s o i l sample from the 
heating element on one s i d e , while a gap of 2cm i n height 
on the opposite s i d e enabled animals to escape i n t o the 
c o l l e c t i n g bowls. Spiders were unable to pass from one 
box to another or to a r e c e p t a c l e attached to another box. 
Each c o l l e c t i n g r e c e p t a c l e was f i l l e d to about 4cm -in 
Fig.5. Removing s o i l samples 
Beating tray Sampling box 
Polythene bag Soil sample spade 
Fig.6. Lateral extractor for s o i l samples 
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depth with water containing a few drops of detergent to 
reduce surface tension, together with 0,5ml of formaldehyde 
as a p r e s e r v a t i v e . 
P h y s i c a l conditions during e x t r a c t i o n 
The wooden e x t r a c t o r was not able to take 
the high temperatures produced by Cherrett ( I 9 6 I ) , An 
e x t r a c t i o n period of 12 or Ik days was found to be 
s u f f i c i e n t a t the temperatures produced by the simmerstat 
( r*5tt.re. 7), Information on the heat regime was provided 
by i n s e r t i n g thermometers through the boxes i n t o the s o i l . 
For the f i r s t 8 days the simmerstat r e g i s t e r e d high and 
as the samples d r i e d out, was turned to 'low' to reduce 
the f i r e r i s k , A temperature gradient of between 40'C 
and 60'C e x i s t e d between s i t e s 1 ajid 4 w i t h i n the sample 
boxes. 
Cobalt c h l o r i d e paper (C h e r r e t t I96I) 
i n d i c a t e d a humidity gradient ( F i g , 8 ) , However, the 
r e l a t i v e l y high temperatures at s i t e s 1 and 2 l e d to 
i n c o n s i s t e n t readings a f t e r day k and 8, r e s p e c t i v e l y . 
The sharp drop i n R.H. at p o s i t i o n 1 
was caused by the c l o s e proximity of the heat source. 
The d i f f e r e n c e i n R,H, between s i t e s 2 and 3 was 
a t t r i b u t e d to d i f f e r e n c e i n s o i l m a t e r i a l i n the 
i n v e r t e d t u r v e s . The r e l a t i v e l y e a r l y f a l l i n R,H,. 
Fig.7. Temperature regimes i n sample boxes during 
a 12-day e x t r a c t i o n period. 
S i t e w i t h i n 
sample box 
Range o f temperature 'C 
w i t h simraerstat on 
lev/ h i g h 
1 58 - 60 80-90 
2 50 - 3k 65 - 70 
3 35 - ^ 0 k2 - 50 
if 22 - 25 25 - 32 
Fig.8. E x t r a c t i o n apparatus and humidity 
gradients during the e x t r a c t i o n period. 
C = c o l l e c t i n g dish 
D = d i r e c t i o n of draught of a i r 
E = w i r e element i n pyrex glass tube 
G = g r i l l of wire mesh 
T = thormootat w i t h high (h) and low (1) 
l e v e l s of heat 
100 T 
75 + 
RH V. 
50 f 
25 + 
-I 1-
2 4 6 
1 
8 
DAYS 
H • i 
10 12 14 
2k 
at s i t e 4 w i t h i n the sample boxes r e s u l t e d from the incoming 
draught of a i r . 
Cherrett (I96I) had found that draught 
e x c l u s i o n r e s u l t e d i n heavy condensation which trapped an 
appreciable number of small s p i d e r s , a f a c t o r which was 
r e l a t e d to a metal c o n s t r u c t i o n . Draught was not c o n t r o l l e d 
i n the wooden apparatus but i t s design allowed aiir to pass 
through continuously. Most of the free water which was 
present f o r the f i r s t few days was absorbed by the wood 
which then dr i e d out. No s p i d e r s could be found which 
had been k i l l e d through ex c e s s i v e condensation. 
I t would appear that the e x t r a c t i o n 
apparatus f u l f i l l e d the conditions of a 'wet' regime and 
a 'slow' e x t r a c t i o n . However, a c r i t i c i s m of a long 
e x t r a c t i o n period i s that some eggs of s p i d e r s might be 
induced to hatch to give unusually l a r g e numbers. 
A l t e r n a t i v e l y , as s p i d e r s are c a n n i b e i l i s t i c , numbers might 
be reduced. Furt h e r , s p i d e r s may develop within the 
e x t r a c t o r to a stage beyond that which e x i s t e d i n the 
f i e l d at a given time, e.g. during winter. 
' The eggs of s e v e r a l s p e c i e s which were 
c u l t u r e d during the course of the i n v e s t i g a t i o n did not 
hatch i n response to temperature i n the short term. 
For about 7 days at l e a s t during a 12 day e x t r a c t i o n 
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period there would probably be s u f f i c i e n t food i n the 
form of arthropods other than s p i d e r s , so that these would 
not have to prey s p e c i f i c a l l y on each other. 
Since most s p i d e r s emerged from the e x t r a c t o r 
during the f i r s t week, a r e l a t i v e l y small proportion would 
show appreciable development before they a l s o emerged, 
( e ) E f f i c i e n c y of e x t r a c t i o n 
The numbers of spiders extracted per metre^ 
a t Wynyard (Table 2) are amongst the highest recorded f o r 
any h a b i t a t , although Duffey (1963) found up to 1,^96 
s p i d e r s i n Nardua grassland, when a t u l l g r e n funnel was 
used, 
2 
Table 2, Estimates of numbers of spiders per m i n the 
ground zone of woodlamd (range i n d i c a t e s minimum 
and maximum numbers removed) 
Habitat 
Beech f o r e s t , 
Holland 
Oak/Beech, 
S.W, England 
Oak, 
S.E. England 
A l d e r / B i r c h 
N.E, England, 
method of e x t r a c t i o n 
Tullgren funnel 
T u l l g r e n funnel 
T u l l g r e n funnel 
L a t e r a l e x t r a c t o r 
numbers/m 
231 
2 - 1 6 
author 
Van der 
D r i f t (1953) 
37 - 275 Gabbutt (1956) 
Turnbull (1960 ) 
kk3 - Sjk present study 
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Murphy (1955) has pointed out that the 
highest estimates of the s o i l meiofauna has r i s e n s t e a d i l y 
s i n c e the s t u d i e s of Bornebusch (1930), This i s i n no 
s m a l l way due to the development of e x t r a c t i o n techniques 
by such i n v e s t i g a t o r s as Murphy (1955), Macfadyen (l962^, 
Duffey (1962) and others, who have turned t h e i r a t t e n t i o n 
to the p e c u l i a r i t i e s of s p e c i f i c groups of arthropods. 
There are two p o s s i b l e explanations f o r 
a r e l a t i v e l y l a r g e catchment of s p i d e r s . E i t h e r , s piders 
are r e l a t i v e l y few but the e x t r a c t i o n procedure has a very 
high e f f i c i e n c y , or s p i d e r s are very numerous and despite 
a low e f f i c i e n c y of e x t r a c t i o n , a f a i r proportion are 
removed. I t i s c l e a r that two f a c t o r s i n f l u e n c e the 
numbers which are caught: the a c t u a l number i n the f i e l d 
and the e f f i c i e n c y with which they are removed. The 
former value cannot be known with absolute c e r t a i n t y 
and i n consequence, r e l i a b i l i t y of numbers can only be 
based on estimates of e f f i c i e n c y . These estimates i n 
t u r n are not absolute, and the usual methods for t e s t i n g 
e f f i c i e n c y are open to question. 
Johnson et al (1957) compared numbers 
removed by a s u c t i o n system with those removed by hand 
and gained an e x t r a c t i o n e f f i c i e n c y value of 95?^ . 
However, as numbers obtained by both methods were so low, 
the comparison may not be a f a i r one', A comparison 
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between hand s o r t i n g and the use of a l a t e r a l e x t r a c t o r 
y i e l d e d no s i g n i f i c a n t d i f f e r e n c e i n numbers removed, 
but i s only an i n d i c a t i o n of comparable e f f i c i e n c y 
( C h e r r e t t I96I) i n a r e l a t i v e sense, 
A commonly used method (e.g. Van der D r i f t 
1953, Gs'-butt 1956, Cherrett I96I) i s to r e l e a s e a known 
number of s p i d e r s i n the e x t r a c t o r a f t e r the s o i l or 
l i t t e r samples have been rendered barren by heat treatment. 
Numbers emerging are compared with those introduced. 
R e s u l t s have not always been c o n s i s t e n t ( C h e r r e t t I96I) 
and Macfadyen (1955) questioned t h i s type of experiment. 
However, i n the absence of a s u i t a b l e a l t e r n a t i v e , t h i s 
procedure was adopted with the wooden e x t r a c t o r . 
S o i l samples which had been i n the e x t r a c t o r 
f o r the f u l l e x t r a c t i o n period were removed and sprayed 
with water to r e s t o r e t h e i r moisture sind texture. After 
drying overnight i n a warm room to remove excess water, 
they were returned to the e x t r a c t o r and a known number 
of s p i d e r s r e l e a s e d onto them. The experiment was 
performed on 3 occasions, the s p i d e r s for which were 
removed by hand from l e a f l i t t e r . 
The o v e r a l l e f f i c i e n c y i n terms of young 
and adult s p i d e r s r e t r i e v e d was about 909^  (Table 3). 
A l l were removed w i t h i n 10 days of the e x t r a c t i o n period. 
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( f ) Emergence p a t t e r n 
The proportions of animals which emerge each 
day from e x t r a c t i o n apparatus are c h a r a c t e r i s t i c for p a r t i c u l a r 
groups of arthropods (Macfadyen 1962b), A bimoded emergence 
fo r s p i d e r s was described by Cherrett (I96I), with the 
hi g h e s t pesik o c c u r r i n g a t the end of the 5-day e x t r a c t i o n 
p e r i o d , and a r i s i n g from the f i n a l d e s i c c a t i o n of the s o i l 
samples. The peak on the f i r s t day was a t t r i b u t e d to 
random movements of s p i d e r s i n response to disturbance. 
The wooden e x t r a c t o r used i n t h i s 
i n v e s t i g a t i o n produced a lower temperature regime than 
t h a t of C h e r r e t t , and the period of e x t r a c t i o n l a s t e d 
fo r up to 12 days i n s t e a d of 5, Emerging spiders were 
removed aind counted on every other day. Thus there was 
a maximvun of 7 c o l l e c t i o n s over Ik days e x t r a c t i o n . 
The emergence p a t t e r n s f o r each month were s i m i l a r , with 
the highest nimber of s p i d e r s appearing i n the c o l l e c t i n g 
troughs on the day a f t e r the s o i l sajnples had been placed 
i n the s o i l e x t r a c t o r . Thereafter, the percentage 
v a l u e s f e l l s h a r p l y u n t i l about the 8th day when the decline 
was l e s s r a p i d (.Table k)» The high values of the f i r s t 
c o l l e c t i o n s were the r e s u l t of disturbance, with subsequent 
va l u e s r e l a t e d to the gradual drying out of the tu r v e s . 
The bimodal curve was the re v e r s e of the one obtained 
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Table 3, Percentage r e t r i e v a l as a measure of e f f i c i e n c y 
of the e x t r a c t o r 
immature adult 
T r i a l s i n out. % i n out % 
1. 10 8 80 11 11 100 
2, 12 12 100 9 8 89 
3. 17 12 71 8 8 100 
T o t a l 39 32 82 28 27 96 
The apparatus appeared to e x t r a c t young 
s p i d e r s l e s s e f f i c i e n t l y than adult s p i d e r s . The possible 
explanations are : 
1, Adult s p i d e r s are more robust suid more mobile than 
young s p i d e r s , 
2, During msmipulation the more f r a g i l e stages are 
e a s i l y damaged, * 
3, Immature s p i d e r s may moult and so become immobilised. 
Condensation may trap a number of young i n d i v i d u a l s . 
5, Small s p i d e r s may f a l l prey to large s p i d e r s . 
That the e x t r a c t o r had an acceptable 
l e v e l of e f f i c i e n c y i s i n d i c a t e d by the r e l a t i v e l y large 
number of s p i d e r s caught when compared with the r e s u l t s 
of other workers, and by the o v e r a l l 89% r e t r i e v a l . 
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by C h e r r e t t (196I); numbers d e c l i n i n g with time of e x t r a c t i o n . 
The summer and winter values (Table k) were 
s i m i l a r , with no s t a t i s t i c a l d i f f e r e n c e s u n t i l 10 - 12 days 
when v i r t u a l l y a l l s p i d e r s had emerged during the summer 
months by that time. This i s r e a d i l y explained by the 
very high water content of s o i l samples during the winter, 
v/hich delayed d e s i c c a t i o n to the very end of the e x t r a c t i o n 
p e r i o d . 
That the behaviour of s p i d e r s may d i f f e r 
s e a s o n a l l y w i t h i n the e x t r a c t o r was i n d i c a t e d from a 
comparison of the 'spring' period, with i t s high proportion 
of young s p i d e r s , emd the November-December-January period 
preceding i t . The d i f f e r e n c e was highly s i g n i f i c a n t 
between the f i r s t c o l l e c t i o n s (Table 5), The probable 
explanation i s that young s p i d e r s r e a c t strongly to both 
disturbance and i n c r e a s e i n ambient temperature. This 
phenomenon i s r e a d i l y demonstrated when young sp i d e r s , 
s t i l l i n the cocoon or communal web, are disturbed. 
They become very a c t i v e and disperse throughout the 
r e c e p t a c l e i n which they are contained. The same response 
can be induced by t r a n s f e r r i n g newly hatched spiders from 
a c o l d (5'C) room to a warm (15'C) room. 
Apart from the observations on behaviour 
i n s p r i n g of young s p i d e r s , which formed a r e l a t i v e l y high 
proportion of those e x t r a c t e d a t that time, there were no 
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obvious d i f f e r e n c e s i n r a t e s of emergence between young 
and a d u l t forms. However, there was a notable sequence 
i n the emergence of c e r t a i n s p e c i e s , Meta segmentata 
and other t y p i c a l f i e l d l a y e r s p e c i e s appeared i n the 
c o l l e c t i o n troughs wi t h i n a few hours a f t e r emplacement 
of samples, Robertus l i v i d u s , both immature and adult, 
were frequently the only s p i d e r s to emerge during the l a s t 
2 or 3 days of e x t r a c t i o n (Table 6 ) , 
Table k. A comparison between the spider 'emergence 
p a t t e r n s ' during 'winter' and 'summer' 
•Winter' 
N, D, J , F, 
'Summer 
A, M, J , J . 
E x t r a c t i o n 
days mean % 2 x S.E, mean % 2 X S.E 
0 - 2 29.2 9.58 31.5 6,46 
2 - k 19,0 11.61 25.8 3.68 
k - 6 13.8 10,80 ie,k 3.54 
6 - 8 7,9 7,59 16,5 . 7,28 
8 - 10 12.6 7,82 7.9 2,41 
10 - 12 13.k 9,0k 1.6 1,40 
12 - Ik 5.0 2,k2 0 0. 
* Difference between means s i g n i f i c a n t at I'/l l e v e l Ct' t e s t ) 
Table 5. A comparison between f i r s t c o l l e c t i o n s 
( e x t r a c t i o n day 2) i n 'spring' and 'winter' 
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'spring' % 
Feb 
Mar 
A p r i l 
mean % 
2 X S.E. 
42.4 
40.8 
49.1 
44.1 
5.30 
Nov 
Dec 
Jan 
'winter' % 
21.4 
28.0 
25.2 
mean % 24.9 
2 X S.E. 3.18 
Di f f e r e n c e between means s i g n i f i c a n t at O.r/level ( ' t ' t e s t ) 
Table 6. The 'emergence p a t t e r n s ' of some species of the 
ground zone w i t h the l a t e r a l e x t r a c t o r 
Days a f t e r s t a r t of e x t r a c t i o n 
2 4 6 8 10 12 14 
Meta segmentata _ 
Li n 3 ^ h i a t r i a n g u l a r i s _ 
Lepthyphantes a l a c r i s 
Dicymbium nigrum 
Monocephalus fuscipes 
Savignia f r o n t a t a 
Diplocephalus l a t i f r o n s 
Porrhomma pygmaeum ' 
Oreonetides abnormis. 
Micrargus herbigradus • 
Robertus l i v i d u s 
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2. The f i e l d l a y e r 
( a ) Method 
A wide v a r i e t y of methods have been used 
to expel animals from vegetation (e.g. Southward I966), 
Those that might have been used for s p i d e r s at Wynyard 
are summarised as follows : 
(1, D i r e c t counting) 
(2, Coxmting webs ) 
3. Sweeping or beating 
k, Wiegert ' c y l i n d e r ' 
5. Chemical knockdown 
6. Suction apparatus 
The d e s i r a b i l i t y of any of the above has 
to be considered i n r e l a t i o n to the behaviour of s p i d e r s 
when disturbed, the nature of the vegetation, and the 
o b j e c t of the sampling programme. The f i r s t r e a c t i o n 
of s p i d e r s to even a mild disturbance i s a r a p i d with-
drawal to a secure r e t r e a t . They may a l s o drop to the 
ground or lower l e v e l s of vegetation. Bramble i n 
p a r t i c u l a r , which c o n s t i t u t e d much of the f i e l d l a y e r , 
was often dense, extremely robust, and r e s i s t e d techniques 
l i k e sweeping or the^use of Wiegert's c y l i n d e r . Furthermore, 
as absolute numbers were sought for some spe c i e s , the method 
u l t i m a t e l y s e l e c t e d would have to be used i n conjunction 
with an appropriate u n i t of a r e a . 
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D i r e c t counting of spiders and webs x^ere 
p o s s i b l e methods. The disadvantages, however, were the 
s m a l l s i z e of man.y spi d e r s and t h e i r a b i l i t y to conceail 
themselves i n c u r l e d edges smd a x i l s of l e a v e s and the 
c i r c i n a t e fern fronds. Some spi d e r s did not always 
make webs or a t l e a s t they were not conspicuous, and 
when they did occur, more than one spider was frequently 
i n r e s i d e n c e . A f t e r periods of rsiin or strong winds, 
webs were often broken or had disappeared. 
Suction apparatus, beating or sweeping 
a l l l e d to severe disturbance of the vegetation w e l l 
beyond the area immediately a f f e c t e d by the appliance 
or net, Luczak (1959) and Kajak (1967) used sweeping 
as a quick and e f f e c t i v e means of obtaining r e l a t i v e 
numbers i n woodleind and meadow, r e s p e c t i v e l y . For 
absolute numbers these methods are f a r from i d e s i l . 
Chemical knock-down was not considered 
d e s i r a b l e as a method s p e c i f i c a l l y designed to c o l l e c t 
s p i d e r s , although the box used by Dempster ( i n Southwopd 
1966) which incorporated an anaesthetic would have been 
s u i t a b l e were i t not for the robustness of bramble. 
The most hopeful method which emerged, 
and the most simple, involved the sweep 'net', A canvas 
bag, normally used i n sweeping, was placed about 10cm 
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above the ground beneath the herbage of the f i e l d l a y e r . 
The l e a v e s and twigs immediately above were cut with 
s e c a t e u r s so that the c l i p p i n g s dropped i n t o the bag, 
which was then l i f t e d higher up eind the procedure repeated. 
Shaking the bag prevented s p i d e r s from climbing up the 
s i d e s to escape. The p l a n t debris could be removed and 
e v e n t u a l l y d r i e d so that numbers of s p i d e r s could^beea 
r e l a t e d to the biomass of the standing vegetation. 
Specimens were e i t h e r placed i n tubes containing e t h y l 
a c e t a t e vapour or, i f required a l i v e , i n v i a l s with 
cotton wool to r e s t r i c t movement, 
(b) E f f i c i e n c y 
The e f f i c i e n c y of the 'bagging' technique 
was compared with d i r e c t counting and sweeping. The 
i n v e s t i g a t i o n c o n s i s t e d of two stages : 
1, A small p a r t of vegetation, which could e a s i l y be 
accommodated i n a s i n g l e sweep, was c a r e f u l l y s c r u t i n i z e d 
for s p i d e r s . The number seen was then compared with 
numbers caught i n the bag a f t e r the same piece of vegetation 
had been swept with a s i n g l e l a t e r a l and upward movement 
of the arm. 
The procedure was c a r r i e d out twenty times 
on each of k kinds of vegetation, and a comparison of the 
numbers obtained are given i n Table 7. 
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Table 7. Comparison between numbers of spiders seen 
before sweeping and numbers caught i n sweep net 
% caught 2 
numbers numbers of those X 
Vegetation seen i n net seen (1) 
Bramble 40 26 65 2.97 
Fern 52 26 50 8.67 
Willowherb 50 18 36 15.06 
Grass 54 ko 74 2,08 
T o t a l 196 110 (55) 28.78 p< 
Table 8, Comparison between numbers of spiders seen before 
'bagging* and numbers caught i n bag 
Vegetation 
numbers 
seen 
numbers 
i n bag 
% seen 
of those 
caught (1)' 
Bramble 
Fern 
Willowhe^rb 
T o t a l 
36 
40 
54 
130 
70 
68 
78 
216 
51 
59 
69 
(59) 
10.91 
7.26 
4.36 . 
22.54 0.001 
2. Sweeping was then s u b s t i t u t e d by the bagging technique 
already described. The numbers caught were compsired w i t h 
those seen beforehand on the vegetation. These are given 
i n Table 8 and are based on twenty operations on each of 
3 stands of vegetation. 
37 
The o v e r a l l t e s t of homogeneity c l e a r l y 
shows the inadequacy of sweeping, although the deviation 
from expected numbers i n grass was r e l a t i v e l y small. As 
spiders were not e a s i l y seen, especisuLly i n grass, the 
numbers d i r e c t l y counted on the vegetation were also 
gross under-estimates. 
The d i f f i c u l t y of a c t u a l l y seeing spiders 
i n even a small group of leaves or twigs i s shown i n 
Table 8 where numbers caught by 'bagging* were very much 
higher. This modified use of the sweep net could not 
be applied to bramble or f e r n stems which were rooted 
to the ground, nor to grass. Since most of the grass 
was below 15cm i n height, i t c o n s t i t u t e d p a r t of the 
ground zone and was saunpled accordingly. 
Apart from the exceptions stated already, 
the 'bagging' technique could be used to sample a l l 
herbage i n the f i e l d l a y e r , i n c l u d i n g the alder twigs 
and small branches which grew below 1.8 metres ( 6 ' ) . 
The inner radius of the canvas bag which was attached 
to a metal frame wa;s 20cm. Since i t formed half a 
2 
c i r c l e , the area was 628cm , The number of bags 
requ i r e d to sample a metre^ was l 6 . 
I n the l a t t e r p a r t of each month 
10 saunples were taken, 5 along one transect, and 
another 3 along a transect at r i g h t angles to the f i r s t . 
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Approximately 4 paces along a transect separated each sample. 
The vegetation d i d not extend evenly throughout the f i e l d 
l a y e r and the spaces i n between were not taken i n t o account. 
As a r e s u l t , numbers may be over-estimates when expressed 
2 
on the basis of a metre , However, there were places 
where bramble was so dense t h a t disturbance p r i o r to 
sampling, and hence loss of some spiders, was i n e v i t a b l e . 
Tree trunks below 1.8 metres were inspected 
f o r webs, each of which was counted as one spider. The 
cross s e c t i o n a l area of each tree \ia.s considered to be 
equivalent to the area of one bag. A t o t a l of 6 trees 
were searched during sampling of the f i e l d l a y e r . 
From November t o A p r i l greaseband papers, which are 
normally used to r e s t r i c t the v e r t i c a l movement of insects 
on apple t r e e s , were i n p o s i t i o n on 6 t r e e s , e n c i r c l i n g the 
bark at approximately 20 and 100cm above the ground. 
Spiders caught on the paper as they emerged from crevices 
i n the bark i n spring were used to estimate numbers 
r e s i d i n g on tree trunks during the w i n t e r . I n September 
and October webs as w e l l as active spiders on the bark 
surface were counted. 
I n every month during 1968, l 6 bags or 
samples ( i n c l u d i n g the equivalent of 6 tree trunks below 
1.8 metres) were used to estimate the number of spiders 
per metre^. 
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(3) The tree canopy 
This was subdivided i n t o 2 layers : 
a lower canopy from 1,8 metres to 4m, and an upper canopy 
from k metres to tree crowns at a height of between 10 - 12 
metres. Alder trees only were selected although a few 
b i r c h and sycamore projected i n t o the study area. 
1. Lower canopy 
The f o l i a g e i n t h i s stratum was sparse 
r e l a t i v e to the f i e l d l a y e r , but was generally d i s t r i b u t e d 
and covered about 759^  of the ground area. The lower 
canopy represented ein extension upwards of the f i e l d 
l a y e r since most species found i n that l a y e r were also 
seen, I%ch of the vegetation consisted of side shoots 
of a l d e r together w i t h the main trunks and branches. 
The 'bagging' technique described f o r 
the f i e l d l a y e r was used to sample the f o l i a g e . 
Vegetation which occupied a volume of 2,^ x 0,24 metres^, 
and corresponding to k bags, was removed. Spiders 
were separated out from the p l a n t debris and l a t e r 
i d e n t i f i e d and counted. I n a d d i t i o n , two trunks, 
each of which was assumed to have a qross-sectional 
2 
area of a bag (l/l6m ) , were examined f o r webs and active 
spiders i n the manner described f o r the f i e l d l a y e r . 
ho 
Since the t o t a l cross-sectional area 
(4 bags + 2 tree trunks) of the samples i n each month 
2 
amounted to 6/l6m , the formula used to convert data to 
2 
a metre was as f o l l o w s : 
numbers x 2,7 x 0,75 spiders = numbers per metre^ 
The removal of leaves and twigs by the 
'bagging' method may have a l t e r e d the environment a l i t t l e . 
I t was not known how, and to what extent, destructive 
sampling of t h i s k ind a f f e c t e d the spider population, 
2, Upper canopy 
An extending ladder was used to reach t h i s 
l a y e r . As the c e n t r a l trunk of trees only could support 
i t , sampling was r e s t r i c t e d to f o l i a g e and branches close 
to the ladder. The highest cro\«ms of trees could not 
be reached without s c a f f o l d i n g which, u n f o r t u n a t e l y , 
was not a v a i l a b l e . 
As Turnbull (I96O) had discovered, a 
beating t r a y was the most convenient sampling apparatus 
f o r t h i s l a y e r , A number of c r i t i c i s m s have been 
l e v e l l e d at beating (e.g. Southwood I9 6 6 ) , one of which 
i s the d i f f i c u l t y of d i s t u r b i n g only those specimens i n 
the vegetation immediatiy above the t r a y , catching those 
t h a t f a l l , and c o l l e c t i n g them before they escape. 
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The vegetation of alder i s not dense i f 
measured i n terms of number of leaves per u n i t volume, 
p a r t i c u l a r l y at high l e v e l s . For example, about 3OO 
leaves of hawthorn were found i n a space of 0,25 metres^, 
74 on oak, 25 on b i r c h , and only about I5 on alder. 
Although these f i g u r e s are approximate, they reveal large 
d i f f e r e n c e s i n q u a n t i t y of f o l i a g e per u n i t volume between 
species of t r e e . The e f f e c t on the spider population 
can be s t r i k i n g , as was shown i n the f i e l d l ayer outside 
the sample area. Hawthorn and oak accommodated as many 
as 6 times the numberof spiders per u n i t volume found i n 
a l d e r . 
The dimensions of the beating t r a y were 
100cm X 50cm w i t h a surface area of O.5 metre^. The lower 
p a r t s of the stratum were sampled f i r s t and then, progressively, 
the higher f o l i a g e . 
By drawing a c i r c l e on the ground around 
each one of 6 trees to mark the circumference of the upper 
canopy, i t was possible to estimate the ground area covered 
by f o l i a g e . A value of 359^  was a r r i v e d a t . The estimated 
number of spiders i n a metre^ of upper canopy each month 
was then c a l c u l a t e d from 4 samples by using the f o l l o w i n g 
formula : 
mean number ^ ^ ^ numbers per metre^ 
per t r a y 
Webs or a c t i v e spiders seen on the main 
trunks were counted i n w i t h the numbers c o l l e c t e d w i t h the 
beating t r a y . 
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CHAPTER THREE 
ANALYSIS OF THE SPIDER COMMUNITY I 
I n t r o d u c t i o n 
An attempt was made to i n v e s t i g a t e the 
c h a r a c t e r i s t i c s of the whole spider community i n qusintitative 
and q u a l i t a t i v e terms. Information was sought on species 
composition, d i s t r i b u t i o n cind seasonal abundance, and the 
size of the t o t a l community i n r e l a t i o n to density, biomass, 
£ind biocontent. From the data i t should be possible to 
describe the community and so provide a backcloth against 
which the status o f i n d i v i d u a l species could be assessed. 
The adequacy or otherwise of the sampling programme becomes 
apparent as does the s u i t a b i l i t y of species f o r an energetics 
study. 
F i f t y - o n e gpggj_gg ^^^n.^ foiind, belonging 
to 37 genera of 8 f a m i l i e s (Table 1), The l i n y p h i i d 
spiders c o n s t i t u t e d 73% of t o t a l species : 
Family No.of species 
Clubionidae 2 
Thomisidae 1 
Lycosidae 1 
Agelenidae 1 
Theridiidae $ 
Tetragnathidae 1 
Argiopidae % 
Linyphiidae 36 
^3 
1, Ground Zone 
(a) Seasonal d i s t r i b u t i o n 
Most of the L i n p h i i d s were c h a r a c t e r i s t i c 
of the ground zone, the exceptions being Gonatium rubell<im 
and G.rubens, Drapetisca s o c i a l i s . Bolyphantes l u t e o l u s , 
and species of Linyphia. Lepthyphantes p a l l i d u s was the 
only member of the genus r e s t r i c t e d to the ground zone, 
while Robertus l i v i d u s ( T h e r i d i i d a e ) was the only non-
l i n y p h i i d which was t o t a l l y a ground dweller. I t s hammock 
webs were constructed i n the surface l i t t e r or w i t h i n 2cm 
above i t . I n the absence of wolf spiders (Lycosidae), 
i t s abundance amd generally large size would suggest t h a t 
i t occupied the r o l e of cin important ground predator, 
R . l i v i d u s and eight species of l i n y p h i i d s 
were found i n t h i s zone i n r e l a t i v e l y large numbers. 
Their seasonal d i s t r i b u t i o n and respective densities are 
given i n Figs, 9 and 10. With the exception of Porrhomma 
pygmaeum, Savignia f r o n t a t a and possibly Tapinocyba pallens 
a l l were present throughout the year. According to Locket 
and M i l l i d g e (1953)» S,frontata i s found a l l the year, 
while adults of P.pygmaeum are said to occur i n summer. 
Again, adults of Oreonetides abnormis are present during 
the w i n t e r although reported i n l a t e summer and autumn. 
Fig.9. Seasonal d i s t r i b u t i o n of some adu l t spiders 
i n the ground zone. 
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Other ground zone species were e i t h e r 
i n f r e q u e n t , e.g. Porrhomma convexum and Centromerus d i l u t u s , 
or they were not amenable to the sampling operation. 
I t appears t h a t the conditions of the 
ground zone enable several species to e x i s t throughout 
the year. There i s evidence th a t mating and egg production 
can occur at suiy time. Spermatophores were present i n the 
p a l p a l organs and epigynes of Micrargus herbigradus and 
P.pugmaeum i n February and March and w i t h the former 
species, i n May, June and J u l y . Mating may have been 
influ e n c e d to some extent by the e x t r a c t o r , but the a b i l i t y 
to mate was always present whatever the season, Male 
spiders were present whenever females were found. 
Eggs were l a i d i n the laboratory by 
O,abnormis and R. l i v i d u s caught during February and March. 
I n f a c t , p r o v i d i n g food was present and the temperatures 
d i d not f a l l below about 5°C, eggs could be l a i d at any 
time. The same applied t o Micrargos herbigradus, a p a i r 
of which l a i d eggs r e g u l a r l y i n the presence of food, 
from June to August, 
The ground zone of woodland i s a continuous 
and abundant source of spiders f o r the higher s t r a t a and 
f o r other h a b i t a t s . The absence of Savignia f r o n t a t a 
d u r ing the summer months may be explained by i t s tendency 
to disperse as an aeronaut, Duffey (1956) records a 
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s u b s t a n t i a l exodus by A p r i l and a subsequent absence f o r 
a s i m i l a r period from grass samples at Wytham Woods, 
Oxford. 
(b) Numerical dominance 
The status of any given species involve 
the consideration of as many parameters as possible. 
Numerical dominance may be expressed as a percentage of 
the t o t a l i n d i v i d u a l s (Luczak 1959) but the problem of 
i n t e r p r e t a t i o n arises where the t o t a l number of i n d i v i d u a l s 
v&ries f o r each sampling occasion. 
Debauche (1962) defined numericsil dominance 
as • the degree of expansion maintained by a species i n 
space and time. The highest numerical dominance occurs 
where a species i s able to maintain the highest density 
v/ith the most uniform d i s t r i b u t i o n of i n d i v i d u a l s during 
the whole annual cycle.' , 
The state of expansion of a species, or 
reverse of aggregation as given i n the Disturbance index 
of Lexi's ( r a t i o of standard deviation to squsure root of 
mean) i s used by Debauche to describe numerical dominance. 
This i s r e f l e c t e d i n the mean and i t s standard e r r o r , 
hence 
E = M - S. 
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The mean degree of expansion (D^) 
maintained by a species during the annual cycle i s , 
w i t h 12 monthly samples, 
J) = ZE 
^ 12 
The sum of may also r e f l e c t the 
r e c e p t i v i t y (R) of the h a b i t a t towards the community 
R = 2 0 n 
Numerical dominance (Debauche l o c . c i t . ) 
was conveniently calculated by computer f o r the 43 species 
found i n the ground zone. Although monthly mean counts of 
two or more species may be the same, the v a r i a t i o n about 
the mean w i l l determine the degree of expansion which w i l l 
be greater when standard deviations are small, A species 
having one or more i n d i v i d u a l s i n only one sajnple vmit 
f o r the month w i l l r e g i s t e r a n i l expemsion, while one 
w i t h i n d i v i d u a l s i n more thanone ssimple u n i t , whatever 
the number, w i l l be p o s i t i v e . 
Results 
I n Table 9 species i n the ground zone 
are l i s t e d i n order of numerical dominance. A l l are quite 
common i n B r i t a i n (Locket and M i l l i d g e 1951i 1953) but at 
Wynyard Micrargus herbigradus and Porrhoma pygmaeum are 
outstanding numerically. The former species i s ubiquitous. 
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also being found i n large numbers i n moorland areas 
(Duffey 1963;' Cherrett I96I). P.pygmaeum i s not 
mentioned by e i t h e r Cherrett or Duffey ( l o c . c i t . ) while 
Savignia f r o n t a t a and Dicymbium nigrum have a more 
r e s t r i c t e d d i s t r i b u t i o n . Monocephalus fiiscipes occupies 
10th p o s i t i o n i n the Wjrnyard hierarchy but would have 
been rated more h i g h l y i n moorland grassland dominated 
by Nardus (Cherrett I96I). 
Of those species having a mean dry weight 
of exceeding 2mg f o r an adult i n d i v i d u a l , Robertus l i v i d u s 
has the highest mean expansion. This spider SLLSO occurs 
i n a v a r i e t y of h a b i t a t s . 
There have been so few detadled studies 
of numbers of spiders t h a t i t i s only possible to r e f e r 
i n a l i m i t e d way to the same species occurring i n other 
h a b i t a t s . 
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Table 9. Species l i s t i n order of numerical dominance 
f o r the ground zone 
Species ^n 
Micrargus herbigradus 22.7701 
Porrhoma pygmaeum 18.5352 
Dicymbium nigrum 7.1368 
Savignia f r o n t a t a 6.7692 
Robertus l i v i d u s 4.6156 
Tapinocyba pallens 2.6424 
Diplocephalus l a t i f r o n s 2.3900 
Lepthyphantes a l a c r i s 1.9549 
Oreonetides abnormis 1.7772 
Monoceplalus fuscipes 1.6697 
Lepthyphantes c r i s t a t u s 0.7926 
L . p a l l i d u s 0.7778 
L.zimmermanni 0.7681 
Centromerus s y l v a t i c u s 0.7143 
Helophora i n s i g n i s 0.7111 
Meta segmentata 0.3274 
Macrargus rufus 0.2852 
Linyphia t r i a n g u l a r i s 0.2852 
C o m i c u l a r i a cuspidatata 0.1963 
Gonatium rubellum 0.1963 
Porrhoma convexum 0.1963 
Dic3mibitim t i b i a l e 0.1778 
Lepthyphahtes tenuis 0.1778 
Bathyphantes n i g r i n u s 0.1778 
Theri d i o n pallens 0.1154 
Trachynella n u d i p a l p i s 0.1154 
Xysticus c r i s t a t u s 0.0889 
Lycosa p u l l a t a 0.0889 
Dismodicus b i f r o n s 0.0889 
R = 75.8272 
Discussion 
Only mature stages could be i d e n t i f i e d 
w i t h the exception of Robertus l i v i d u s . The order of 
numerical dominance can only r e f e r t o a d u l t s . Some 
9^ 
s p e c i e s may e x i s t i n the s o i l i n r e l a t i v e l y l a r g e numbers 
d u r i n g the e a r l y stages o f development, b u t seek the upper 
l a y e r s o f the h a b i t a t a t the onset o f m a t u r i t y . The 
n u m e r i c a l dominance o f such species c o u l d be an under-
e s t i m a t e . 
The f o r b s o f t h e ground zone grow eunongst 
th e l o w e r l e a v e s o f the f i e l d l a y e r so t h a t a number o f 
• f i e l d l a y e r ' s p e c i e s may be trapped w i t h i n the s o i l sajnples, 
Helophora i n s i g n i a may be found i n l e a f l i t t e r f o r two months 
a f t e r l e a v i n g t h e upper f o l i a g e . At Wynyard l y c o s i d s p i d e r s 
were mere t r a n s i e n t s . These s p i d e r s are i n c l u d e d i n the 
o r d e r o f dominance b u t u s u g i l l y have low vaQ-ues, 
A p p a r e n t l y t h e i n d e x o f n u m e r i c a l dominance 
proposed by Debauche (1962) has been seldom used, B o l t o n 
(1969) uses t h e Index o f L e x i s t o i n d i c a t e a g g r e g a t i o n i n 
earthworms a t Wynyaxd b u t does n o t q u a n t i f y an o r d e r o f 
dominance, 
I n ein e n e r g e t i c s study or a p o p u l a t i o n survey 
where a l a r g e number o f species may occur as i n the Araneida, 
n u m e r i c a l dominsince p r o v i d e s a u s e f u l r e f e r e n c e p o i n t f o r 
th e s p ecies s e l e c t e d f o r d e t a i l e d s t u d y , Kajak (I967), 
f o r example, d i s c u s s e s p r o d u c t i v i t y i n named species 
b u t does n o t r e f e r t o t h e s p i d e r fauna as a whole i n a 
n u m e r i c a l sense. The l i k e l y importance o f a species 
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when compared w i t h i t s a s s o c i a t e s may go u n n o t i c e d or 
may be exaggerated s i n c e i t may n o t always be p o s s i b l e 
f o r taxonomic reasons t o s e l e c t a f a i r l y common species 
f o r an e n e r g e t i c s s t u d y . Breymeyer (196?) used mean 
biomass t o d e s c r i b e the s t a t u s o f Trochosa r u r i c o l a 
i n a group o f wandering s p i d e r s . 
Dominance h e l p s p r o v i d e t h e background 
i n f o r m a t i o n on t h e h a b i t a t i n r e l a t i o n t o species 
p o p u l a t i o n s , aind as Debauche ( l o c . c i t . ) says, ' i t i s 
a meems f o r a s s e s s i n g the degree o f occupancy o f a 
s p e c i e s i n t h e same h a b i t a t o r between d i f f e r e n t h a b i t a t s . ' 
( c ) Seasonal d i s t r i b u t i o n o f developmental stages 
The d e n s i t y o f mature s p i d e r s o s c i l l a t e d 
o n l y a l i t t l e d u r i n g t h e Ik months (Fig,1 1 ) . Peaks o f 
abundance o f the yoxxng stages o c c u r r e d i i n the autumn. 
Minimum numbers were seen i n December a f t e r which time 
t h e r e was a p r o g r e s s i v e i n c r e a s e d u r i n g t h e year. 
An i n t e r e s t i n g s i t u a t i o n was r e v e a l e d 
when immature stages were s u b d i v i d e d on the b a s i s o f 
s i z e . E x c l u d i n g t h e young stages o f the r e l a t i v e l y 
l a r g e Robertus l i v i d u s , immature s p i d e r s f e l l c o n v e n i e n t l y 
i n t o k main s i z e groups. These may approximate t o the 
4-stage development o f most s m a l l L i n y p h i i d s which were 
the l a r g e s t component i n the ground zone. 
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s i z e groups (body l e n g t h i n mm) 
a s u b - a d u l t s ( p a l p a l organs 
apparent, females s c l e r o -
t i n i s e d ) 
A s m a l l 2,0 
B v e r y s m a l l * 1,5 
C minute < 1,0 
Numbers f o r each s i z e group per m^ are 
p l o t t e d a g a i n s t months (Fig,12), Group C, the s m a l l e s t 
stage and t o some e x t e n t i t r e p r e s e n t s the young o f the 
s m a l l e s t s p e c i e s , has a marked p e r i o d i c i t y . High l a t e 
summer and autumn peaks c o n t r a s t w i t h low w i n t e r and 
s p r i n g v a l u e s . 
Group B f l u c t u a t e s l i t t l e over the sampling 
p e r i o d , the h i g h e s t peak o c c u r r i n g i n November 19^7, v ; i t h 
l e s s e r peaks i n summer. Group A a l s o shows l i t t l e 
m o n t hly v a r i a t i o n w h i l e s u b - a d u l t s (Group a) reached 
a maximum d e n s i t y i n J u l y t o be f o l l o w e d by a d i m i n u t i o n 
u n t i l the f o l l o w i n g March, 
The apparent peaks o f young s p i d e r s as a 
whole i n June and J u l y are due as much t o am i n c r e a s e i n 
s u b - a d u l t s as an i n c r e a s e i n t h e minute form. From August 
t o November the main c o n t r i b u t i o n was from Group C and t o 
a l e s s e r degree from Group B, 
Fig.12. Monthly d e n s i t i e s of immature spiders 
(excluding Robertus l i v i d u s ) i n the 
ground zone. 
a = sub-adults 
A = intermediate stages (1.5 r 2.0mm) 
B = intermediate stages 
(1.0 - 1.5mm) 
C = minute stages ( < 1.00mm) 
Measurements r e f e r to body length 
O R O U N D Z O N E 
S I Z E GROUPS IMMATURE SPIDERS 
100 1 
O N D T F n A n i J A S O N 
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Most a u t h o r s , e,g. Ga^butt (1956, 
L i n y p h i i d s o n l y ) , D u f f e y (1956, 1962), and C h e r r e t t 
(196^, L i n y p h i i d s o n l y ) , r e c o r d the h i g h e s t percentage 
o f young s p i d e r s i n J u l y and August, However, i n the 
l i g h t o f the ^•''ynyard d a t a two p o i n t s have t o be made on 
these comparisons. 
F i r s t l y , t o what e x t e n t are the e s t i m a t e s 
o f o t h e r a u t h o r s based on minute immature s p i d e r s ? I t 
may be t h a t such s p i d e r s are n o t r e a d i l y removed except 
by slow e x t r a c t i o n w i t h l i t t l e c o ndensation. I f t h i s 
d i d n o t o p e r a t e , then the autumneil c l i m a x o f young s p i d e r s 
may have been o v e r l o o k e d . Secondly, the use o f p e r -
centages as an i n d i c a t i o n o f the abundance o f immature 
and mature s p i d e r s may be m i s l e a d i n g where t o t a l numbers 
v a r y s u b s t a n t i a l l y over a p e r i o d o f t i m e . Percentages 
o f immature and mature stages i m p l i e s a dependence o f 
v a l u e s . An exeunple from the V/ynyard data i l l u s t r a t e s 
t h i s p o i n t . For J u l y and August the percentage o f 
immature s p i d e r s was 86 and 88%^ r e s p e c t i v e l y . A lthough 
these were the h i g h e s t , t h e y do n o t denote the seasonal 
maxima i n numbers per m , which amounted t o 675 i n 
October 1967 and 6^3 i n November I968, The u n i t o f 
2 
comparison i s the m which i s n o t based on r e l a t i v e 
abundemce. 
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I t would appear t h a t e i t h e r t h e s m a l l e s t 
s p e c i e s o f t h e ground zone produce young m a i n l y i n the 
l a t e summer and autumn, o r t h a t m o r t a l i t y o f the s m a l l e s t 
stages i s most pronounced d u r i n g the w i n t e r . The p i c t u r e 
i s c o m p l i c a t e d , however, by the c o n t i n u o u s b r e e d i n g season, 
Once a month sampling o f the ground zone i s too i n f r e q u e n t 
t o r e v e a l the developmental c y c l e s o f the s m a l l e r s p e c i e s . 
Considerable o v e r l a p p i n g o f stages o f a species and 
between s e v e r a l species a l s o occurs. These f a c t o r s 
p r o b a b l y account f o r the c o n s i s t e n t numbers i n s i z e groups 
A emd B, C e r t a i n l y , a sampling programme i s r e q u i r e d f o r 
a l o n g e r p e r i o d than 1^ months t o show any c o n s i s t e n t 
p a t t e r n . 
The immature component appears t o be 
d e r i v e d from two main sources : 
Group 1 
GenersLlly very s m a l l o r minute s p e c i e s , 
e,g, Porrhomma pygmaeum, S a v i g n i a f r o n t a t a , Tapinocyba 
p a l l e n s . 
Large number o f a d u l t s which occur m a i n l y 
f r o m autumn t o s p r i n g . 
I n d i v i d u a l s l a y few eggs, m o s t l y i n t h e 
s p r i n g . Development completed d u r i n g the summer, so 
t h a t a d u l t s o v e r - w i n t e r . 
5^ * 
(Sroup 2 
Species o f t e n l a r g e , e,g. Robertus l i v i d u s . 
O r eonetides abnormis. Group sdso i n c l u d e s Micrargus 
h e r b i g r a d u s and Dicymbimn nigrum. 
Number o f a d u l t s o f t e n s m a l l , b u t prese n t 
a l l the year round. 
Number o f eggs l a i d by i n d i v i d u a l s o f t e n 
l a r g e . Males much i n evidence d u r i n g suimner months when 
m a t i n g i s f o l l o w e d by o v i p o s i t i o n . 
Autumnal peak o f emergent s p i d e r s l a r g e l y 
accounted f o r by t h i s group. Spiders o v e r w i n t e r a t 
i n t e r m e d i a t e i n s t a r s . M a t u r i t y reached by e a r l y summer. 
The s m a l l e s t o f the immature stages do 
n o t appear t o o v e r w i n t e r t o anj g r e a t e x t e n t , h a v i n g 
t o p r o g r e s s t o o l d e r i n s t a r s i n ord e r t o do so. On 
th e o t h e r hand, t h e r e was evidence from the l i f e - h i s t o r y 
s t u d y o f R , l i v i d u s t h a t few s p i d e r s o v e r ^ / i n t e r as sub-
a d u l t s , A h i g h m e t a b o l i c r a t e , c h a r a c t e r i s t i c f o r 
t h i s stage and f o r t h e emergent stage( d e s c r i b e d l a t e r 
f o r R , l i v i d u s and Meta segmentata) cannot r e a d i l y be 
m a i n t a i n e d d u r i n g the c o l d w i n t e r months when food i s 
l i m i t e d . 
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2, The f i e l d l a y e r 
Monthly d e n s i t i e s o f young and a d u l t s p i d e r s are 
g i v e n i n F i g u r e 13. Numbers are very low d u r i n g the w i n t e r , 
b u t b u i l d up c o n s i d e r a b l y d u r i n g the siunmer. A peak o f 
abundance o f young s p i d e r s occurs i n J u l y , p r e c e d i n g the 
peak f o r a d u l t s i n September, 
( a ) Seasonal d i s t r i b u t i o n 
Table 9b p r o v i d e s i n f o r m a t i o n on species c o m p o s i t i o n 
o f t h e s p i d e r fauna each month d u r i n g 1967-68. The s t r i k i n g 
i m p r e s s i o n i s the b r i e f t e m p o r a l d i s t r i b u t i o n o f msiny a d u l t 
s p i d e r s when compared w i t h s p e c i e s o f the ground zone, many 
o f which may be found f o r s e v e r a l months o f the year. 
A d u l t Clubiona were o n l y found i n June, t h e l i f e span o f 
some mature male s p i d e r s such as T h e r i d i o n d e n t i c u l a t u m 
and L i n y p h i a h o r t e n s i s covered one o r two weeks, 
Lepthyphantes t e n u i s was o n l y found i n J u l y , and a d u l t s 
o f Meta segmentata mengei were v i r t u a l l y c o n f i n e d t o May. 
I n f a c t , few s p e c i e s were i n evidence i n s u b s t a n t i a l numbers 
as a d u l t s , f o r more than about f i v e v/eeks. 
I n the autumn, s e v e r a l l a r g e (mean d r y w t . 8mg) 
s p e c i e s were common, Meta segmentata, M.merianae, aind 
Helophora i n s i g n i s t o g e t h e r w i t h t h e smeQ.ler D r a p e t i s c a 
s o c i a l i s and Lepthyphantes a l a c r i s . Eggs were l a i d from 
about October onwards s h o r t l y a f t e r females had dropped 
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t o t h e l i t t e r l a y e r , A number o f female L , a l a c r i s a c t u a l l y 
o v e r w i n t e r e d , and a f t e r a p e r i o d o f a c t i v i t y i n the s p r i n g 
when t h e y remsiined i n t h e ground zone, cocoons were 
c o n s t r u c t e d . 
Immature stages i n t h e l a t e summer and autumn 
f r e q u e n t l y belonged t o T h e r i d i o n d e n t i c u l a t u m , M, segmentata 
mengei, L . h o r t e n s i s , T r a c h y n e l l a n u d i p a l p i s and C o r n i c u l a r i s 
c u s p i d a t a . The remainder i n c l u d e d v e r y s m a l l developmental 
s t a g e s ( < 2nn) o f Metaspp., none o f which appeared t o succeed 
i n o v e r w i n t e r i n g . F i s s u r e s i n bark and f a l l e n t w i g s which 
accumulated i n heaps on s i d e shoots o f a l d e r t r e e s , p r o v i d e d 
o v e r w i n t e r i n g s i t e s s i n c e a l l these species were found s t u c k 
t o t h e greasebgind paper i n A p r i l and May, or were found 
d u r i n g w i n t e r i n the d e b r i s o f t w i g s . 
As expected, those species which had o v e r w i n t e r e d 
as s u b - a d u l t s were dominant i n the f o l l o w i n g s p r i n g . The 
s m a l l e r s p i d e r s w i t h a c o r r e s p o n d i n g l y s h o r t developmental 
t i m e were r e p r e s e n t e d by T r a c h y n e l l a n u d i p a l p u s and 
C o r n i c u l a r i a c u s p i d a t a . They were then j o i n e d or succeeded 
by Gonatium r u b e l l u m , M.segmentata mengei and s e v e r a l o t h e r s , 
i n c l u d i n g Clubiona s t a g n a t a l i s and C.lutescens, which had 
been immature d u r i n g the w i n t e r . 
From May u n t i l August, mature s p i d e r s comprised 
a s m a l l ( < ^0^) p r o p o r t i o n o f t h e t o t a l p o p u l a t i o n . 
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The m a j o r i t y o f young s p i d e r s a t t h i s time c o u l d be 
i d e n t i f i e d t o s p e c i e s which were t o become dominant i n 
th e autumn, najnely Meta segmentata and L i n y p h i a t r i a n g u l a r i s , 
f o l l o w e d by Gonatium r u b e l l u m and Lepthyphantes a l a c r i s . 
These immature stages are l a r g e l y r e s p o n s i b l e f o r the a d u l t 
peak i n September when the p r o p o r t i o n o f a d u l t s r i s e s 
s h a r p l y t o 659^ , 
T h i r t y one species were found i n the f i e l d l a y e r 
r e p r e s e n t i n g o n l y 5 f a m i l i e s . D i v e r s i t y was low, e s p e c i a l l y 
when compared w i t h T u r n b u l l ' s (196O) r e c o r d s f o r a stand o f 
oak i n the s o u t h e r n p a r t o f England where about 90 species 
r e p r e s e n t i n g 15 f a m i l i e s were found. Specimens b e l o n g i n g 
t o t h e f o l l o w i n g f a m i l i e s were n o t found i n the f i e l d l a y e r 
a t Wynyard; Dysderidae Gnaphosidae, Anyphaenidae, Sparassidae, 
Thomisidae, S a l t i c i d a e , Lycosidae, P i s a u r i d a e , and Agelenidae, 
I n many s i t u a t i o n s t h e f i e l d l a y e r i s e x t r e m e l y r i c h i n 
s p e c i e s , 
( b ) Dominance 
Sampling t h e f i e l d l a y e r by the bagging technique 
was t i m e consuming. Hence the numbers o f each species i n 
s e p a r a t e 'bags' was n o t r e c o r d e d . W i t h o u t t h e means and 
s t a n d a r d d e v i a t i o n s the method f o r d e s c r i b i n g n u m e r i c a l 
dominance (Debauche I962) c o u l d n o t be used. Although 
n u m e r i c a l dominance can be expressed, the succession o f 
s p e c i e s i s a more obvious f e a t u r e i n the f i e l d l a y e r thaui 
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i n the ground zone. Several s p e c i e s are present i n the 
f o l i a g e for b r i e f periods, 
A more appropriate i n d i c a t i o n of s t a t u s i n the 
f i e l d l a y e r i s biomass. Since the adults of many 
s p e c i e s are i n e x i s t e n c e f or short periods, the ' i n t e n s i t y ' 
of t h e i r presence i s best expressed as standing crop. 
Mean monthly numbers for each s p e c i e s was estimated from 
the data i n Table and the values m u l t i p l i e d by 
i n d i v i d u a l dry weights. 
R e s u l t s sind d i s c u s s i o n 
The mean monthly standing crops per m^ , from 
December 1967 to November 1968, are given i n Table 10, 
Only those s p e c i e s whose biomass values are above Img 
per m^  are included i n the l i s t of dominance. 
The abundance of some s p e c i e s , e,g, Lepthyphantes 
a l a c r i s and L , t e n u i s r a i s e them high i n the order despite 
low i n d i v i d u a l weights. Otherwise, most species i n the 
top e i g h t of the l i s t are r e l a t i v e l y l a r g e . 
The use of ad u l t s alone r e s t r i c t s the value of 
the assessment of dominance. The coincidence of sampling 
with peak d e n s i t i e s f o r some spe c i e s w i l l i n fluence t h e i r 
p o s i t i o n s . 
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Table 10. Order of dominance i n the f i e l d l a y e r based on 
mean standing crop (Density from data i n Table 
i n d i v i d u a l mean monthly mean monthly ^ 
Species drywt.(mg) density/m^ standing crop/mg/m 
Meta segmentata 
L i n y p h i a t r i a n g u l a r i s 
Helophora i n s i g n i s 
Lepthyphantes a l a c r i s 
Meta merianae 
D r a p e t i s c a s o c i a l i s 
Meta s .mengei 
Lepthyphantes t e n u i s 
T r a c h y n e l l a n u d i p a l p i s 
Gonatium rubelliim 
T h e r i d i o n denticulatum 
T.ovatum 
Clubiona l u t e s c e n s 
C . s t a g n a t a l i s 
Bathyphantes migrinus 
C o m i c u l a r i a c u s p i d a t a 
L i n y p h i a h o r t e n s i s 
L . p e l t a t a 
3. The canopy 
Q u a l i t a t i v e aspects 
P a r t s of the lower canopy were extensions of the 
f i e l d l a y e r . Many s p e c i e s of the l a t t e r l a y e r were to be 
seen a t t h i s l e v e l . However, numbers were much lower 
p a r t l y because the veg e t a t i o n was r e l a t i v e l y s p a r s e . 
Conspicuous s p e c i e s were Meta segmentata, D r a p e t i s c a 
s o c i a l i s and Helbphora i n s i g n i s . S e v e r a l s p e c i e s appeared 
to be t r a n s i e n t s , e.g. T h e r i d i o n p a l l e n s and the young of 
Clubionidae and L i n y p h i i d a e . 
8.20 6.6 54.12 
4.80 5.0 24.00 
2.00 6.0 12.00 
1.00 11.0 11.00 
4.2 2.0 8.40 
1.0 6.0 6.00 
4.4 1.3 5.72 
0.33 4.6 4.62 
0.50 4.6 2.30 
0.80 2.4 1.92 
1.20 1.5 1.80 
1.80 1.0 1.80 
1.6 1 1.60 
1.4 1 1.40 
0.60 2.3 1.38 
0.40 3.0 1.20 
0.80 1.3 1.04 
0.50 2.0 1.00 
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Apart from T,pallens. a l l s p e c i e s found i n the 
upper canopy appeared to be d i s p e r s i n g . The most notable 
were Savignia f r o n t a t a , Erigone d e n t i p a l p i s , M£toneta 
r u r e s t r i s and Porrhomma convexium. The webs of D . s o c i a l i s 
were frequently i n evidence i n the c r e v i c e s of bark. The 
emergent stage of s p e c i e s of the genus Meta were o c c a s i o n a l l y 
found. Large s p e c i e s , or the older developmental stages of 
such s p e c i e s , were conspicuous by t h e i r absence, 
k. The s e l e c t i o n of s p e c i e s for ain e n e r g e t i c s study 
(a) I d e n t i f i c a t i o n of developmental stages 
About ^0 s p e c i e s of s p i d e r s were found i n the 
ground zone, of which 30 were t y p i c a l of t h i s stratum at 
Wynyard. I n the f i e l d l a y e r about 10 s p e c i e s were common. 
Thi s s i t u a t i o n r a i s e s the problem of s e l e c t i n g appropriate 
s p e c i e s for an i n t e n s i v e e n e r g e t i c s study. 
Although adult s p i d e r s were i d e n t i f i e d with 
r e l a t i v e ease by means of e x t e r n a l g e n i t a l i a , young sp i d e r s 
had few d i s t i n g u i s h i n g c h a r a c t e r i s t i c s and presented some 
d i f f i c u l t i e s i n r e c o g n i t i o n , 
A f i l i a l connection had to be e s t a b l i s h e d between 
the a d u l t and immature stages to f a c i l i t a t e the construction 
of a l i f e t a b l e . To t h i s end some numerically conspicuous 
a d u l t s p i d e r s from the study area were allowed to l a y eggs 
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from which the young were c u l t u r e d and examined f or 
i d e n t i f i a b l e f e a t u r e s . C o l l e c t i o n s of immature stages 
were then searched f o r specimens with the same c h a r a c t e r i s t i c s . 
Where the number of adult s p e c i e s was low as i n the f i e l d 
l a y e r , t h i s approach was f r u i t f u l . I n the ground zone, 
however, the l a r g e number presented problems of maintaining 
numerous c u l t u r e s . 
The a l t e r n a t i v e approach to discover f i l i a t i o n s was 
to s o r t young s p i d e r s i n t o groups on the b a s i s of s i z e , 
shape of cephalothoreix or abdomen, by length i n r e l a t i o n 
to body length, or the p o s i t i o n of prominent spines or 
degree of h a i r i n e s s . Some specimens could be separated 
from others because of c e r t a i n c o n s i s t e n t f e a t u r e s . An 
attempt was made to trace p a r t i c u l a r c h a r a c t e r i s t i c s from 
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the s m a l l e s t of the immature stages to the ad u l t . 
Confirmation of a f i l i a l connection was obtained when 
a d u l t s produced young with the same f e a t u r e s . The f i d e l i t y 
of c e r t a i n c h a r a c t e r s could then be assessed by allowing 
the emergent stage to develop i n t o the adult form. 
Needless to say, a few species only had features 
which were d i s t i n c t i v e smd at the same time preserved at 
every moult. The l a t e r i n s t a r s of Oreonetides abnormis, 
fo r example, could be i d e n t i f i e d with reasonable c e r t a i n t y 
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by the presence of 3 prominent spines i n the mid-line of 
the cephalothorax, and by the general robustness of the 
s p e c i e s . The e a r l i e r or f i r s t i n s t a r s , however, were 
not r e a d i l y separated from the young of other species 
i n the ground zone, because t h o s < i d e n t i f i a b l e f e a t u r e s 
of the l a t e r stages were not yet apparent. 
S t a t u s of s p e c i e s 
One of the o b j e c t i v e s of the present study was 
to provide energy budgets f o r two species of woodland 
s p i d e r s . Therefore, the s p i d e r s chosen i n the sample 
a r e a had to be nume r i c a l l y strong to be t r u l y r e p r e s e n t a t i v e , 
Biomass may be l e s s important although the a c t i v i t y of a 
s p e c i e s may be r e f l e c t e d i n i t s biomass (e.g. Debauche I962), 
At Wynyard, i t would have been convenient to 
study a l y c o s i d spider, e.g. Lycosa amentata, which had a 
well-marked breeding season, recognisable i n s t a r s and a 
synchronised l i f e - h i s t o r y . I t was silso e a s i l y reared 
i n the la b o r a t o r y . However, r e s u l t s of p i t f a l l trapping 
showed i t to be present i n the wood i n very small numbers, 
l e s s than O.O5 per metre^ a t the height of summer. This 
spider,was not a t y p i c a l woodlsind s p e c i e s and occurred as 
an o c c a s i o n a l i n t r u d e r . 
I t was c l e a r that r e p r e s e n t a t i v e species may 
not always be the most convenient to study because of 
d i f f i c u l t i e s i n e s t a b l i s h i n g a f i l i a l connection between s t a d i a . 
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P r a c t i c a l c o n siderations which included amenability of 
a l l stages to the a v a i l a b l e sampling methods, and the 
numbers a v a i l a b l e for respirometry and c a l o r i f i c s t u d i e s , 
i n d i c a t e d that R , l i v i d u s and M.segmentata could be the 
b a s i s of a u s e f u l b i o e n e r g e t i c s study. One disadvantage 
of R . l i v i d u s was the overlap of generations. 
(b) Robertus l i v i d u s 
This s p e c i e s was considered a t y p i c a l ground zone 
s p i d e r a t Wynyard ( F i g . l ^ ) . I t s hammock webs occurred 
w i t h i n the l i t t e r l a y e r or at the very base of forbs. 
I n the laboratory immature stages fed on Collembola and 
mites as w e l l as on small s p i d e r s of other s p e c i e s . The 
a d u l t s showed a preference f o r very small winged Diptera. 
During the examination of monthly c o l l e c t i o n s of 
young s p i d e r s of a l l s p e c i e s , a number were seen to have 
k s p i n e s p o s t e r i o r to the fovea ( F i g . l 5 ) . Against the 
pale colour of the body these spines were conspicuous, 
only o c c a s i o n a l l y being obscured by suffused pigmentation. 
F i l i a t i o n with the adult spider was revealed when i d e n t i c a l 
s p i n e s , rendered l e s s obvious by the g e n e r a l l y dark colour 
of the cephalothorax, were found i n the same place. 
Two female s p i d e r s i n the spring and three i n 
the autumn, 1968, produced young a l l with spines occupying 
f i g . 1 4 . Robertus l i v i d u s , female specimen. 
(Body length 6mm) 

Fig.15. Robertas l i v i d u s , e a r l y i n s t a r with 
4 d i a g n o s t i c spines i n f o v e a l area 
(40 x) Preserved specimen. 
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the corners of a trapezium or square. This pattern was 
preserved at every i n s t a r . The morphology of the pedi-
p a l p s i n the male and of the epigyne i n the female 
(Locket and M i l l i d g e 1955) confirmed that the adults 
with these spines were R . l i v i d u s . 
A l l stages of the s p i d e r appeared to be amenable 
to the e x t r a c t i o n methods usdd, the apparatus having a 
general e f f i c i e n c y of 90?^  f or adult s p i d e r s , and 83% 
f o r immature s t a g e s . 
Robertus l i v i d u s turned out to be quite abundant, 
and was rated number 5 i n the o v e r a l l order of dominance 
i n the ground zone (S e c t i o n IC") ) , When such species as 
Meta segmentata and Helophora i n s i g n i s were excluded from 
the l i s t f o r t h i s stratum the female adults had the highest 
i n d i v i d u a l biomass (mean wet weight = 7mg), 
T o t a l d e n s i t y and biomass for the population of 
R , l i v i d u s was high i n r e l a t i o n to the other ^0 species 
(Table 11), Immature stages c o n s t i t u t e d between 5 and 
of the t o t a l number of young for a l l s p e c i e s during 
the y e a r . Adult s p i d e r s made up 16?^ of t o t a l adult 
d e n s i t y i n some months. The density of the population 
as a whole l a y between 6 and 289^  of the t o t a l during a 
calendar year. 
Estimates of biomass f o r the population of R , l i v i d u s 
v a r i e d between 13 and kO% of the t o t a l for a l l species i n the 
ground zone having a mean of about 25%, 
Table 11. Robertus l i v i d u s , numbers and biomass as 
percentages of the t o t a l spider population 
of the ground zone 
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month % young % a d u l t s % t o t a l % biomass 
1^67 
Oct 12,7 3.5 10.4 17.6 
Nov 16,1 8.7 14.6 28.9 
Dec 12,6 7.0 11.4 21.2 
1^68 
Jan 34,0 4.0 26.6 29.1 
Feb 24,6 2.4 18.3 22.6 
Mar 29.0 5.0 22.8 34.3 
Apr 26.8 • 3.3 27.7 38.1 
May 25.1 16.0 23.4 38.8 
June 21.3 4.2 17.6 32.5 
J u l y 12.8 10.2 12.4 29.5 
Aug 5.4 2.5 6.7 13.4 
Sept 24.8 9.3 21.7 35.3 
Oct 27.8 4.2 23.3 20.0 
Nov 23.3 5.3 18.3 31.0 
( c ) Meta segmentata 
The genus Meta was a l s o represented by 
M.S.mengei and M.merianae, the young of which were s i m i l a r 
i n appearaince to those of M.segmentata. However, the 
breeding season and period of dominance of the main cohort 
of M.segmentata could be described with reasonable c e r t a i n t y . 
The main cohort i s adult i n September and by the 
f i r s t week i n October a l l females have moved to the ground 
zone to l a y t h e i r eggs. The remaining M,segmentata aire 
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s m a l l e r (wet weight r a r e l y exceeding 20mg) and c l o s e l y 
resemble, with t h e i r d u l l abdominal pa t t e r n s , the few 
M,merianae and M,s.mengei. During the winter, adults 
and sub-adults of M.s,segmentata are found i n the l i t t e r 
layer, or i n heaps of a l d e r twigs. Since n e i t h e r M,segmentata 
nor M.meriemae are found, i t appears that they do not over-
winter except as eggs. I n the laboratory M.segmentata and 
M.merianae l a i d t h e i r eggs i n the autumn. In the following 
May and June, M.s.mengei are adult or soon a t t a i n t h i s stage. 
I n J u l y they disappear and i n the laboratory specimens died 
a f t e r l a y i n g eggs. I n the f i e l d i n May, a mass of young 
s p i d e r l i n g s appear, c o i n c i d i n g c l o s e l y with the emergence 
of young M,segmentata i n the laboratory, A second l e s s e r 
f l u s h of emergent Meta i s found toward the end. of June and 
i n J u l y , corresponding to an emergence of captive specimens 
of M,s,mengei and M,merianae. These s p i d e r l i n g s are r e a d i l y 
separated on the b a s i s of s i z e from those of M.segmentata 
which are now a t i n s t a r 2 or 3i scad by the second week of 
August become sub-adult. 
The l i f e h i s t o r i e s of the 3 species of Meta are 
summarized i n F i g . l 6 . Although most eggs of M.segmentata 
hatch i n May, a mild \idjiter may allow some i n d i v i d u a l s to 
emerge i n A p r i l as apparently happened i n I968, However, 
the main emergence s t i l l took place i n May, 
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The only l a r g e s p e c i e s to compete numerically 
with M,segmentata were Helophora i n s i g n i s eind Linyphia 
t r i a n g u l a r i s . The young and ad u l t s of the l a t t e r s p e c i e s 
were quite d i s t i n c t from those of M,segmentata. In terms 
of mean monthly standing crop of a d u l t s , per metre^, t h i s 
a r g i o p i d was w e l l ahead of other s p e c i e s . 
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gHAPTER FOUR 
THE MEASUREMENT OF CALORIFIC CONTENT OF SPIDER 
MATERIAL (ROBERTUS LIVIDUS AND META SEGMENTATA) 
I n t r o d u c t i o n 
As Odum (1959) p o i n t e d o u t , c a l o r i f i c data are a 
more m e a n i n g f u l guide t o the f u n c t i o n o f a species p o p u l a t i o n 
when compared w i t h d a t a f o r numbers or biomass alone. An 
i m p o r t a n t aspect o f t h i s i s the c a l o r i f i c c o n t e n t o f the 
body t i s s u e which r e p r e s e n t s the f a t e o f p a r t o f the energy-
p a s s i n g t h r o u g h a p o p u l a t i o n a t any g i v e n moment i n t i m e . 
I t appears t h a t t h e r e has been no p r e v i o u s a t t e m p t t o measure 
the c a l o r i f i c c o n t e n t o f s p i d e r m a t e r i a l , Kajak ( I 9 6 7 ) 
e s t i m a t e d the p r o d u c t i v i t y o f 3 species o f web s p i d e r s 
u s i n g a c a l o r i f i c e q u i v a l e n t o f 5.82 c a l o r i e s t o 1 m i l l i g r a m 
d r y w e i g h t o f i n s e c t t i s s u e ( g i v e n i n P h i l l i p s o n I96O). 
T h i s e s t i m a t e i s open t o q u e s t i o n because i t assumes a cl o s e 
s i m i l a r i t y between i n s e c t and a r a c h n i d t i s s u e i n terms o f 
b i o c h e m i s t r y . No allowance i s made f o r p o s s i b l e d i f f e r e n c e s 
i n c a l o r i f i c c o n t e n t between age groups o f a s p i d e r p o p u l a t i o n 
and any change i n f u n c t i o n , i . e . ^from growth o f body t i s s u e 
a f o r m a t i o n o f 
t o / r e p r o d u c t i v e m a t e r i a l . I n a comparison between species 
t h e a p p l i c a t i o n o f an e s t i m a t e o f t h i s k i n d may concesil 
i m p o r t a n t d i f f e r e n c e s i n f u n c t i o n a t any g i v e n t i m e . 
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C a l o r i f i c v alues have been o b t a i n e d f o r a number 
o f i n v e r t e b r a t e s ( S l o b o d k i n and Richman I 9 6 I ) , the isopods 
L i f ? i d i u m japonicum ( S a i t o 1963), Oniscus a s e l l u s and 
P o r c e l l i o scaber (Watson I966), t h e s p i t t l e bug Philaenus 
spumarius (Weigert 1964), the a n t Pogonomyrmex badius 
( G o l l e y and Gentry 1964), and the d i p l o p o d J a p o n a r i a laminatg^ 
a r m i g e r a ( S a i t o 1 9 6 f ) . More r e c e n t l y IVhignarajah ( I 9 6 8 ) 
o b t a i n e d c a l o r i f i c v a l u e s f o r the c h i l o p o d s L i t h o b i u s c r a s s i p e s 
£Uid L . f o r f i c a t u s . For t e r r e s t r i a l i n v e r t e b r a t e s the values 
are u s u a l l y between k and 7 k i l o c a l o r i e s p er gram. A l i s t 
o f c a l o r i f i c v a l u e s so f a r o b t a i n e d has been g i v e n by Cummins 
( 1 9 6 7 ) . 
( a ) Method 
A new and improved v e r s i o n o f P h i l l i p s o n ' s 
m i n i a t u r e bomb c a l o r i m e t e r ( P h i l l i p s o n 1964) was used t o 
dete r m i n e the c a l o r i f i c c o n t e n t o f b o t h species o f s p i d e r s 
( F i g , 1 7 ) . The i n s t r u m e n t i s made by J.E, Gentry I n s t r u m e n t s 
( A i k e n , S,C,, U.S.A.) who c l a i m t h a t samples as s m a l l as 
1 m i l l i g r a i m can be combusted. C a l i b r a t i o n i n v o l v i n g the 
use o f benzoic a c i d should g i v e a c o e f f i c i e n t o f v a r i a t i o n 
o f l e s s thein 2%. Voltage i s d i r e c t l y p r o p o r t i o n a l t o 
te m p e r a t u r e change which i s measured by thermocouples and 
r e c o r d e d by a p o t e n t i o m e t e r w i t h a 1 m i l l i v o l t range. 
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P h i l l i p s o n (196^) p o i n t e d out i m p o r t a n t advantages o f t h i s 
t y p e o f bomb, namely, i t s a b i l i t y t o handle s m a l l q u a n t i t i e s 
o f m a t e r i a l , and t h e d i s p e n s a t i o n o f f i l l e r substances which 
may produce m i s l e a d i n g c a l o r i f i c v a l u e s . 
The s p i d e r m a t e r i a l was c o l l e c t e d i n the f i e l d or 
o b t a i n e d from t h e h o r i z o n t a l e x t r a c t o r and w i t h i n a few hours 
p l a c e d i n a vacuum oven a t 60 C f o r k8 hours. This t r e a t m e n t 
e f f e c t i v e l y d r i e d the m a t e r i a l t o c o n s t a n t d r y w e i g h t . I t 
was t h e n f i n e l y ground i n a p o l i s h e d agate p e s t l e and mort a r 
and made i n t o p e l l e t s o f between 5 and 10 m i l l i g r a m s . 
Storage over s i l i c a g e l i n a d e s i l k s a t o r ensured t h a t the 
p e l l e t s were c o m p l e t e l y d r y ajid had the e f f e c t o f hard e n i n g 
them. 
Benzoic a c i d o f 97-7% p u r i t y was used t o make 
p e l l e t s f o r c a l i b r a t i o n , the s i z e o f these r a n g i n g from 8 
t o 1 ^ m i l l i g r a m s . The combustion o f 10 such p e l l e t s gave 
a mean va l u e o f 0,5528 - 0,00938mV/100 c a l o r i e s w i t h a 
c o e f f i c i e n t o f v a r i a t i o n o f 1.68?^ (Table 1 2 ) , The mean 
c a l i b r a t i o n f i g u r e was used t o c a l c u l a t e the C o i l o r i f i c 
v a l u e s o f s p i d e r m a t e r i a l burned i n the micro-bomb. At 
the s t a r t o f each s e r i e s o f combustions, a p e l l e t o f benzoic 
a c i d was f i r e d t o check the v a l i d i t y o f t h e mean c a l i b r a t i o n 
v a l u e , 
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Ash c o n t e n t was somewhat v a r i a b l e because s m a l l 
amounts were s c a t t e r e d w i t h i n the bomb d u r i n g combustion. 
The e x t e n t o f the e r r o r was assessed by b u r n i n g specimens i n 
a m u f f l e f urnace a t A-OO'C, The mean percentage by t h i s 
method came t o 3.89 which approximates t o most values 
o b t a i n e d w i t h the bomb. However, two i m p o r t a n t p o i n t s 
emerged from t h i s d i g r e s s i o n : F i r s t , any value which i s 
much below t h e mean o f 3.89 r e p r e s e n t s t o o low an e s t i m a t e 
o f ash c o n t e n t . Second, t h e r e may be a r e a l d i f f e r e n c e i n 
ash c o n t e n t i n the s p i d e r m a t e r i a l . I n M.segmentata, f o r 
example, percentages were i n t h e range o f 2.77 and 3,86. 
The ex c e p t i o n a l v a l u e s which were foundjbetween 5.26 amd 
5.92^could be r e l a t e d t o spent or newly moulted a d u l t females. 
Both W i e g e r t ( I 9 6 5 ) and Whignarajah (1968) 
observed seasonal v a r i a t i o n s i n c a l o r i f i c v a lues as w e l l 
as d i f f e r e n c e s between i n s t a r s i n a r t h r o p o d s . Meta segmentata 
was r e a d i l y a v a i l a b l e so t h a t the m a t e r i a l f r o m a l l the 
developmental stages c o u l d be b u r n t s e p a r a t e l y . I n the case 
o f R . l i v i d u s , the f i r s t 2 i n s t a r s had t o be Euaalgamated and 
i t was n o t p o s s i b l e t o i n v e s t i g a t e seasonal v a r i a t i o n . 
The o p p o r t u n i t y was taken t o examine the l i k e l y 
range o f c s i l o r i f i c v a l u e s i n t h e Araneida. Burnings v/ere 
made on t h e a d u l t s o f Helophora i n s i g n i s . L i n y p h i a t r i a n g u l a r i s , 
and an amalgsunation o f s e v e r a l s m a l l species o f L i n y p h i i d s . 
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Table 1 2 , C a l i b r a t i o n of miniature bomb calorimeter 
( P h i l l i p s o n 1964) with benzoic a c i d (6 .524 Kcal/g) 
S E u n p l e c a l o r i f i c potentiometric Mv/lOO 
wt.mg. value i n c a l s readings mv c a l 
11,420 72,2200 0,394 0.5455 
12 ,745 80.5993 0.440 0.5459 
14 , 505 91.7296 0.500 0.5450 
10,825 68,4573 0.393 0.5741 
8,320 52,6156 0.293 0.5568 
11,440 72,3465 0,395 0.5459 
9.690 61.2795 0.339 0.5532 
9.195 58.1491 0.318 0.5468 
14,080 89.0419 0.500 0.5615 
9.690 61.2796 0.339 0.5532 
Mean reading per lOOcal = 0 .5528 - S.D. O.OO938 
C o e f f i c i e n t of v a r i a t i o n 1.695^ 
Ash content n e g l i g i b l e 
(b) R e s u l t s 
Tables 13 and 14 summarise the r e s u l t s of the 
i n v e s t i g a t i o n i n t o biocontent. D i f f e r e n c e s between the 
c o r r ^ o n d i n g stages of the two sp e c i e s , Robertus l i v i d u s 
and Meta segmentata were small and not s i g n i f i c a n t . Both 
show an i n c r e a s e i n c a l o r i f i c content with stage of 
development. 
While gravid females ( >10mg dry wt) of 
M,segmentata, Helphora i n s i g n i s , and Linyphia t r i a n g u l a r i s . 
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reached or exceeded 6,0Kcal/g d r y wt (ash f r e e ) , the females 
o f R , l i v i d u s v a r i e d from 5.58 t o 6.07Kcal. 
C a l o r i f i c v alues f o r male s p i d e r s were about 
t h e seime i n a l l s p e c i e s , but were s u b s t a n t i a l l y lower than 
those o f females. Sub-adult males ( i n s t a r 4) o f M,segmentata 
appeared t o have a s l i g h t l y h i g h e r c a l o r i f i c c o n t e n t than the 
mature s t a g e . 
Eggs which had been c o l l e c t e d s h o r t l y a f t e r t h e i r 
e x t r u s i o n i n t o cocoons had a mean c a l o r i f i c value o f 6.000Kcal/g 
i n R . l i v i d u s (based on a s i n g l e combustion) and 6,377Kcal/g 
i n M.segmentata. The r e l a t i v e l y h i g h values o b t a i n e d w i t h 
eggs p o s s i b l y a r i s e s from a h i g h p r o p o r t i o n o f l i p i d s 
(Davey I 9 6 5 ) . I n t h e s p i t b u g , P h i l a e n u s l e u c o p t h a l u s , 
a v a l u e o f 6,529Kcal/g d r y wt (ash f r e e ) had been o b t a i j i e d 
( S l o b o d k i n 1962) f o r eggs. 
'Spent' female s p i d e r s , i , e . a f t e r egg l a y i n g , 
y i e l d e d l i t t l e more than 5.000Kcal/g i n M.segmentata; r a t h e r 
l e s s t h a n i n R , l i v i d u s . I t i s i n t e r e s t i n g t o r e c o r d here 
t h a t females o f t h e l a s t named species f r e q u e n t l y s u r v i v e 
i f f o o d i s a v a i l a b l e t o l a y a g a i n . 
The f r a s s o f M,segmentata i n c l u d e d the cocoon 
w i t h t h e remnants o f s p i d e r m a t e r i a l w i t h i n , a f t e r the s p i d e r s 
had d i s p e r s e d . The h i g h c o e f f i c i e n t o f v a r i a t i o n i s 
a t t r i b u t e d t o t h e f a c t t h a t i n some cocoons, a number o f 
young s p i d e r s had been unable t o f r e e themselves, and so 
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c o n t r i b u t e d t o the c a l o r i f i c v a l u e . The l o w e r c o e f f i c i e n t 
o f v a r i a t i o n f o r eggs ( 0 , 8 l ) p o s s i b l y r e f l e c t s the homogeneous 
n a t u r e o f t h e m a t e r i a l . 
As mig h t be expected, c a s t s k i n s o r exuvia 
y i e l d e d t h e l o w e s t v a l u e , l i t t l e more than 4.000Kcal/g, 
which was based on a s i n g l e b u r n i n g , 
( c ) D i s c u s s i o n 
The s i m i l e i r i t y o f b i o c o n t e n t i n the species 
examined (Table 15) s u p p o r t s t h e o b s e r v a t i o n by Slobo d k i n 
(1962) t h a t excess c a l o r i e s pass i n t o r e p r o d u c t i o n r a t h e r 
t h a n a d i p o s i t y . 
The l i m i t a t i o n o f time p r e v e n t e d the c o n s t r u c t i o n 
o f l a r g e numbers o f p e l l e t s . A l t h o u g h R , l i v i d u s was t o be 
found a t a l l times o f the y e a r , numbers were too few d u r i n g 
some months t o make enough p e l l e t s f o r s t a t i s t i c a l t e s t s 
o f s i g n i f i c a n c e , and so d e t e c t seasonal v a r i a t i o n . Nonetheless, 
th e t r e n d s i n r i s e o r f a l l o f c a l o r i f i c c o n t e n t are c l e a r , and 
the r e s u l t s bear out t h e o b s e r v a t i o n s o f o t h e r i n v e s t i g a t o r s 
( l o c c i t , ) . 
S o - c a l l e d seasonal v a r i a t i o n p r o b a b l y a r i s e s 
f r o m a number o f causes, A concomiteuit i n c r e a s e i n b i o c o n t e n t 
w i t h development a f t e r the egg stage may occur i n M.segmentata. 
T h i s may be r e l a t e d t o changes i n f e e d i n g c o n d i t i o n s or t o the 
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m a t u r a t i o n o f gonads and eggs (Wiegert 196^; Whignarajah I968), 
The s u r f a c e law may even a p p l y , i f the ex o s k e l e t o n w i t h a 
l o w e r c a l o r i f i c c o n t e n t i n c r e a s e s w i t h t h e square, w h i l e 
t h e s o f t i n t e r n a l p a x t s i n c r e a s e a p p r o x i m a t e l y w i t h t h e 
cube, o f the l i n e a r dimension. 
The p o p u l a t i o n a t any given,moment may n o t be 
e v e n l y aged, i n which case t h e females f o r example may n o t 
a l l be egg b e a r i n g . A p p a r e n t l y t h i s was t h e s i t u a t i o n i n 
R . l i v i d u s . V a r i a t i o n i n the a d u l t females may be e x p l a i n e d 
by t h e e x i s t e n c e i n the f i e l d o f d i f f e r e n t c o h o r t s i n which 
some femeiles o n l y had reached f u l l term. I t had been 
observed t h a t w e i g h t and. s i z e o f femeiles emerging from 
t h e e x t r a c t o r a t any g i v e n p e r i o d d i f f e r e d s u b s t a n t i a l l y . 
The l a r g e s t specimens o n l y had y o l k - f i l l e d eggs. 
Where sampling e r r o r s are l a r g e , t h e e s t i m a t e s 
o f f p o p u l a t i o n b i o c o n t e n t may n o t be i n f l u e n c e d much by 
f a i l i n g t o take 'seasonal' o r c o h o r t v a r i a t i o n i n t o account. 
However, i t i s i m p o r t a n t t o be a b l e t o r e c o r d a l l p o s s i b l e 
sources o f e r r o r . 
Fig.17.. Miniature bomb c a l o r i m e t e r 
oxygen c y l i n d e r ' Potentiometer . 
Cover f o r microbomb 
swi t c h 
'bomb' 
e l e c t r o i K L c r o b a l a n c e 
F i g . 1 8 . Respirometers (water bath not shown) 
Recorder 
Relay u n i t 
e l e c t r o d e 
Metabolic chamber 
8 
I 
1 
I 
^^ ^^ ^^ ^^ ^^ ^^  
hat 
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CHAPTER FIVE 
RESPIRATION 
As much as 70?^  o f a s s i m i l a t e d energy may be l o s t 
t h r o u g h r e s p i r a t i o n (Engelmann I966), which underldLnes the 
importeince o f t h i s parameter i n energy f l o w , 
ItS (196^) e s t i m a t e d energy l o s s through 
r e s p i r a t i o n by measuring carbon d i o x i d e p r o d u c t i o n by 
c h e m i c a l means. S t a r v e d and r e p l e t e l y c o s i d s were used. 
W i t h an i n f r a - r e d gas a n a l y s e r , M i y a s h i t a (I969) i n v e s t i g a t e d 
t h e e f f e c t s o f m o b i l i t y and temperature on l y c o s i d s . 
D i u r n a l amd seasonal chemges i n m e t a b o l i c a c t i v i t y were 
d e t e c t e d by P h i l l i p s o n (I962) i n O p i l i o n e s , w i t h an 
e l e c t r o l y t i c c o n t i n u o u s l y r e c o r d i n g d e v i c e . More r e c e n t l y , 
Anderson (1970) has d e s c r i b e d some c h a r a c t e r i s t i c s o f a r a c h n i d 
r e s p i r a t i o n w i t h p a r t i c u l a r r e f e r e n c e t o a c c l i m a t i z a t i o n . 
He used a G i l s o n d i f f e r e n t i a l r e s p i r o m e t e r . As d i v e r s e as 
these methods a r e , a l l were a b l e t o measure gas changes 
over an extended p e r i o d . Where oxygen uptake i s n o t 
measured d i r e c t l y , e s t i m a t e s can be made from CO^ p r o d u c t i o n 
and v a l u e s . 
As P h i l l i p s o n (I967) p o i n t s o u t , t h e value o f these 
r e s t r i c t e d s t u d i e s on metabolism i s t h a t t h e y i n d i c a t e p o s s i b l e 
sources o f e r r o r which c o u l d a p p l y t o s t u d i e s on f i e l d 
p o p u l a t i o n s . 
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( a ) Apparatus 
The continuously recording respirometer devised by 
P h i l l i p s o n (1962) f o r phalangids was a v a i l a b l e f or the present 
study ( F i g , 1 8 ) , I t had already been used \vith Oniscus 
a s e l l u s ( P h i l l i p s o n and Watson I 9 6 5 ) , s p e c i e s of Diploda 
( P h i l l i p s o n 196?), an e l a t e r i d beetle (Dutton I 9 6 8 ) , 
s p e c i e s of L i t h o b i u s (Whignarajah I 9 6 8 ) , and the carabid 
b e e t l e , Nebria b r e v i c o l l i s (Manga 1970). 
R e s u l t s of Warburg respiremetry on centipedes were 
s i m i l a r to those obtained with the continuously recording 
device (Whignarajah I 9 6 8 ) . Adult specimens of Meta segmentata 
a l s o gave comparable r e s u l t s (Table I 6 ) . However, as with 
centipedes, only the l a r g e s t stages could conveniently be 
i n v e s t i g a t e d by the Warburg method. I n any case, change 
i n r a t e of r e s p i r a t i o n over the d i e l would only be apparent 
with continuously recording apparatus. 
Table I 6 . Comparison between r e s p i r a t o r y r a t e s (y, lO^/'^i^S wet wt/hr) 
i n M.segmentata a t 1 5 C, obtained with the P h i l l i p s o n * s 
\ continuously recording apparatus and Warburg u n i t s . 
(N = No,of i n d i v i d u a l s used). ('^ '^^'^  t^>)-
Continuously 
N recording Warburg 
Female 10 O.25O 1 0.02 • O.265 - O.O^ t n.s. 
Male 10 0,230 i 0.03 0.28^ - 0.03 n . s . 
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(b) Method 
R e s p i r a t i o n i n both s p e c i e s was measured at 5> 1 0 
sind 15'C, because monthly mean temperatures i n the f i e l d were 
expected to f a l l mainly w i t h i n t h i s range. By c a l c u l a t i n g 
r e g r e s s i o n s for r a t e of oxygen consumption on temperature 
fo r v a r i o u s stages of development, i t i s p o s s i b l e to 
estimate energy l o s s of the population under f i e l d 
temperatures. 
Since d i f f e r e n t techniques were used to c o l l e c t 
the tv;o spec i e s of s p i d e r s , the procedures f o r preparing 
them f o r respirometry were not the same. The e x t r a c t i o n 
apparatus for s o i l and l i t t e r was the only way by which 
a l l stages of R . l i v i d u s could be acquired. As some 
i n d i v i d u a l s remained i n the e x t r a c t o r at high temperatures 
f o r up to 1 2 days, i t was considered advisable to a c c l i m a t i z e 
them to the operating temperature of the respirometer. 
P e t r i dishes a t 5', 1 0 ' or 15'C with wet f i l t e r paper 
made convenient r e c e p t a c l e s , Eood i n the form of collembola, 
mites, and small s p i d e r s of other species was provided towards 
the end of the 7-day a c c l i m a t i z a t i o n period, 
Meta segmentata were caught i n the f i e l d by sweeping 
bag and within 2 hours a f t e r capture, placed i n the 
respirometer. 
Since both time and numbers of R , l i v i d u s were 
l i m i t e d , the e f f e c t s of a c c l i m a t i z a t i o n were not i n v e s t i g a t e d . 
8^ 
However, experiments were run at temperatures which approximated 
to those i n the f i e l d , Ebr i n s t a n c e , during February the 
operating temperatures were 5' and 10'C, and during June, 
a t 10' and 15'C, Since M,segmentata were found mainly 
during the summer months, the bulk of the experiments were 
c a r r i e d out at 10 and 15'C. 
The water bath which accommodated the respirometer 
at 5 - 0,5'G and 10 ~ 0,5'C was connected to a Tecam cooling 
u n i t having an a d j u s t a b l e thermoregulator. The thermostat 
of the water bath was used i n conjunction with a c i r c u l a t i n g 
stream of water from a tap, to maintain a temperature of 
15 i I ' C , 
Ten respirometer chambers were used for each run, 
two of which were without animals and acted as barometers. 
I n d i v i d u a l s p i d e r s of both s p e c i e s a t i n s t a r s h and 5 v/ere 
l a r g e enough to provide c o n s i s t e n t r e s u l t s over hS hours. 
The smsiller stages were enclosed i n p a i r s or groups of up 
to 10 s p i d e r s of s i m i l a r weight or sex. 
( e ) R e s u l t s 
A' c u r v i l i n e a r r e l a t i o n apparently e x i s t s between 
body weight and r a t e of r e s p i r a t i o n per u n i t weight 
( F i g s , 19 and 20) i n both s p e c i e s . The raw data shown 
f o r R . l i v i d u s wene obtained a t 10*C, and at 15'C for 
M,segmentata. The d i s t r i b u t i o n of points on the graph 
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(not shown) at 5'C f o r the l a t t e r species was l e s s c l e a r , 
p a r t l y because few experiments were run a t that temperature. 
The i n f l e x i o n of the graph was at about Img l i v e 
body weight i n R . l i v i d u s . Male spiders at the penultimate 
stage, however, msiintained a r e l a t i v e l y high consumption of 
oxygen. In M.segmentata, the i n f l e x i o n occurred at about 
^mg l i v e body weight. I n both s p e c i e s a number of points, 
vjhich r e l a t e to s p i d e r s a t the sub-adult stage, depart from 
the g e neral c u r v i l i n e a r p a t t e r n . 
The r e s u l t s of r e g r e s s i o n analyses of rate of 
r e s p i r a t i o n on temperature are shown i n F i g s . 2 1 , 2 2 for 
R . l i v i d u s , and i n F i g s . 2 3 , 2k for M.segmentata. 
The v alues of Q^ ^ were c a l c u l a t e d for s e v e r a l 
stages (Table 1 7 ) of both s p e c i e s from the formula 
(Schmidt-Nielsen 1 9 6 0 ) :. 
( t ^ - t ^ ) / 1 0 
2 - * 1 ' ^ 1 0 M^  = M^ . Q. 
where M2 and M^  sace the metabolic r a t e s at two temperatures, 
and t ^ . The mean vsilues f o r R . l i v i d u s eind M.segmentata 
are 2.7 and 3.O, r e s p e c t i v e l y . While metabolic r a t e s 
u s u a l l y double for each r i s e of 1 0 ' C , the Q^Q i t s e l f may 
a l s o be temperature dependent (e.g. Prosser and Brown I 9 6 2 ) . 
Table 17, Q^ ^ values of r e s p i r a t i o n over 5' to 15'C for 
R . l i v i d u s and M,segmentata (N = sample s i z e ) 
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R , l i v i d u s N ^10 M, segmentata N ^10 
I n s t a r s 1+2 17 3.1 l i v e body wt, 0-2mg 36 3.3 3 17 2.3 2-12 30 2,8 
k 20 2.7 i n s t a r k 30 2.7 
female 5 ,16 2.2 female 5 30 3.2 
male 5 13 3.2 male 5 30 3.2 
(d) R e s p i r a t i o n i n R , l i v i d u 3 
The mean r a t e s of r e s p i r a t i o n per u n i t weight 
a t 5', 10' and 15'C are given i n Table l8, and show 
c l e a r l y that oxygen consumption i s temperature dependent. 
With a l l i n s t a r s , d i f f e r e n c e s were s i g n i f i c a n t between 5' 
and 10'C and, with the exception of i n s t a r 3» between 10' 
aiid 15'C, I n general, the l e v e l s of s i g n i f i c a n c e were 
higher between the two lower temperatures them between 
10' and 15'C, 
Metabolic r a t e i n terms of m i c r o l i t r e s of oxygen 
consumed per u n i t weight per hour d i f f e r e d s i g n i f i c a n t l y 
between adult males and females a t 10' eind 15'C, but not 
a t 5'C (Table 19), The r a t e s for male a d u l t s and sub-
a d u l t s were about the same, and no r e a l d i f f e r e n c e was 
detected between males and females a t i n s t a r h. 
87 
V a r i a t i o n i n r a t e s of r e s p i r a t i o n w i t h i n the 
d i e l was not appaurent, while seasonal d i f f e r e n c e s were 
not i n v e s t i g a t e d . Although the r e l a t i o n between temperature 
and r e s p i r a t o r y raties i s assumed to be l i n e a r , there i s a 
suggestion i n F i g s . 21 and 22 of a c u r v i l i n e a r r e l a t i o n s h i p . 
( e ) R e s p i r a t i o n i n M.segmentata 
I n terms of r a t e of r e s p i r a t i o n the spiders of 
t h i s s p e c i e s could be divided i n t o four main groups ( F i g s . 23 and 2k) 
I n d i v i d u a l s having a l i v e body weight of l e s s than 2mg 
had the highest r a t e s a t a l l three temperatures (Table 20). 
Ah i n c r e a s e i n weight from 2 to about 12mg was accompanied 
by a decrease i n metabolic r a t e . A f u r t h e r i n c r e a s e i n 
weight during the sub-adult stage coincided with a r i s e 
i n oxygen consumption per u n i t weight, which then f e l l 
o f f as s p i d e r s entered the adult stage. ^ 
Adult male and female sp i d e r s apparently had 
s i m i l a r r a t e s at a l l three temperature regimes (Table 21). 
However, r a t e s f o r the former were c o n s i s t e n t l y higher. 
As with R . l i v i d u s , temperature obviously 
i n f l u e n c e s the r a t e (Table 20) with s i g n i f i c a n t d i f f e r e n c e s 
between v i r t u a l l y a l l temperatures i n each of the k groups. 
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Table 18. Robertas l i v i d u s , mean rates of respiration ( y l 02/mg 
l i v e wt/hr) with significance of differences 
('t' tests) between temperatures 
i n s t a r 'C n mean rate - S.E. level of significance 
1 + 2 5 4 0.423 - 0.044 
10 9 1.046 - 0.040 
15 5 1.323 - 0.116 
p < 0.001 
p <C 0.05 
5 5 0.286 - 0.027 
10 f 0.540 - 0.038 
15 5 0.658 - 0.021 
p < 0.001 
not significant 
5 3 0.368 - 0.031 
10 9 0.963 - 0.027 
15 9 1.213 - 0.064 
p < 0.001 
p < 0.01 
5 
female 
5 4 0.232 - 0.038 
10 7 0.380 - 0.033 
15 5 0.521 - 0.034 
p < 0.02 
p < 0.02 
5 
male 
5 4 0.368 - 0.078 
10 4 0.963 - 0.072 
15 5 1.213 - 0.068 
p •< 0.001 
p < 0.05 
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Table 19. Robertas l i v i d u s , mean rates of respiration 
( y l 02/mg l i v e wt/hr) of adults with significance 
of differences ('t' tests) between sexes 
Temp.'C mean rate.- S.E. level of significance 
males 
females 
0.368 + 0.078 
0.232 + 0.038 
not significant 
males 
females 
10 
0.963 + 0.072 
0.380 + 0.033 
p< 0.001 
males 
females 
15 
1.213 + 0.068 
0.521 + 0.034 
p< 0.001 
Fig.21. R.lividus, regression of rate of respiration 
on temperature at instars 1 and 2 (above) 
and at in s t a r 3 (below) (r^o^tsg) 
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Table 20. Meta segmentata, mean rates of respiration 
( y l O^ /mg l i v e wt/hr) with significance of 
differences ('t' tests) between ten^jeratures 
mg 
l i v e body wt n 'C mean rate - S.E. level of significance 
o - 2 8 5 0.238 + 0.024 
p <r 0.001 
12 10 0.634 0.035 
p < 0.001 
16 15 1.028 0.047 
2 - 1 2 3 5 0.141 0.032 
p < 0.01 
8 10 0.328 0.039 
not signi f i c a n t 
18 15 0.396 0.030 
sub-adult 4 5 0.253 0.019 
p < 0.001 
13 - 18 ^ 5 10 0.573 0.038 
p < 0.002 
11 - 15 cr 8 15 0.839 0.049 
adult 4 5 0.080 0.010 
p < 0.01 
< 18 9 6 10 0.171 0.025 
p < 0.02 
14 15 0.260 0.022 
adult 3 5 0.093 + 0.024 
p - i 0.02 
5 10 0.207 0.026 
p ^  0-05 
11 15 0.296 0.040 
Table 21. Meta segmentata, mean rates of respiration 
( y l O^ /mg l i v e wt/hr) of adults with 
significance of differences ('t' tests) 
between sexes 
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Temp. 'C mean rate - S.E. level of significance 
males 
females 
0.093 + 0.024 
0.080 + 0.010 
not signi f i c a n t 
males 
females 
10 
0.207 + 0.026 
0.171 + 0.025 
not significant 
males 
females 
15 
0.296 + 0.040 
0.260 + 0.022 
not significant 
Fig.23. M.segmentata, regression of rate of respiration 
on temperature for animals with l i v e body 
weights up to 2mg (above) and between 
2 and 12 mg (below). ('^'^^JJ 
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( f ) Discussion 
The d i s t r i b u t i o n of points on the graphs f o r 
r a t e of r e s p i r a t i o n on body weight i s s i m i l a r to t h a t 
obtained f o r Leiobunum rotundum ( P h i l l i p s o n I963) and 
L i t h o b i u s crassipes and L . f o r f i c a t u s (Whignarajah I 9 6 8 ) , 
The i m p l i c a t i o n i s t h a t i n some arthropods, at l e a s t , 
the younger stages have a higher metabolic r a t e per u n i t 
weight than the a d u l t s . 
Respiration i s temperature dependent i n agreement 
w i t h the r e s u l t s of Anderson (1970), who also found that 
oxygen consumption i s not independent of even r a p i d 
temperature changes i n spiders, Newell and N o r t h c r o f t 
(1967) apparently stand alone on the t h e s i s which states 
t h a t a number of poikilotherms are independent of short 
term f l u c t u a t i o n s i n temperature. Tribe and Bowler (I 9 6 8 ) , 
f o r example, have queried the v a l i d i t y of the experimental 
evidence used to support t h a t contention. 
At 10'C average weight (gram) s p e c i f i c oxygen 
consumption per hour varied between 58O and 1,0^5 ^ . l i t r e s 
i n R . l i v i d u s , and between 171 and 63^ ) i l i t r e s i n M,segmentata. 
I n the former species, at 15'C, the range was between 521 and 
1,325 ^ l i t r e s , and i n the l a t t e r , between 26O and 1,028 ^ . l i t r e s , 
I t seems t h a t the infl u e n c e of temperature on metabolic rate 
i s more marked above 10'C i n M,segmentata than i n R . l i v i d u s , 
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A number of species of spiders are able to reduce 
oxygen consumption at higher temperatures (Anderson 1970), 
and t h i s may have occurred i n R . l i v i d u s , The s u r v i v a l 
value of compensation i n a s o i l species may be p a r t i c u l a r l y 
importanb since desiccation of the l i t t e r l a yer i n which 
i t s prey presumably l i v e s would o f t e n be associated w i t h 
an increase i n temperature. 
Specimens of M.segmentata were placed d i r e c t l y 
i n the respirometer a f t e r c o l l e c t i o n i n the f i e l d . On 
the other hand, R , l i v i d u s were acclimatized at 5', 10* 
or 15'C to combat the possible e f f e c t s of heat e x t r a c t i o n . 
According to Anderson (1970), metabolic rates show a 
p a r t i c u l a r l y l a r g e increase a t higher temperatures a f t e r 
a c c l i m a t i z a t i o n a t lower temperatures, a feature which was 
also noted i n male b l o w f l i e s (Tribe and Bowler I968), 
By a l l o w i n g R . l i v i d u s to become acclimatized to the 
temperature of the respirometer, e s p e c i a l l y a f t e r e x t r a c t i o n 
during the winter when f i e l d temperatures are low, the 
tendency f o r such large increases i n oxygen consumption 
p o s s i b l y d i d not occur,' 
I n general, r e s p i r a t i o n rates per u n i t weight 
at a given temperature were higher i n R . l i v i d u s than i n 
M.segmentata. However, the r a t e s of increase were more 
consistent over the three temperature regimes i n the l a t t e r 
species. The magnitude of increase i n r a t e of r e s p i r a t i o n 
9^  
was l e s s between 10' and 15'C than between 5' and 10'C 
i n R . l i v i d u s . 
Sub-adults, i . e . i n s t a r ^, of both species have 
a higher average weight s p e c i f i c oxygen consumption which 
i n R . l i v i d u s i s upheld i n a d u l t males. The reasons f o r 
t h i s phenomenon viert not i n v e s t i g a t e d . However, gonad 
development i n phalangids i s associated w i t h an increase 
i n oxygen consumption ( P h i l l i p s o n 1963). 
Both R . l i v i d u s and M.segmentata are web b u i l d e r s , 
although the young of the former species may a c t u a l l y seek 
out prey. I n the respirometer, p a r t i a l webs were 
constructed by a l l stages of both species a f t e r which 
there was no noticeable movement. Consequently, the values 
f o r oxygen consumption possibly represent ' r e s t i n g ' 
metabolism. 
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CHAPTER SIX 
POPULATION DYNAMICS OF ROBERTTJS LIVIDUS 
r , I n s t a r determination 
(a) I n t r o d u c t i o n 
The size of a species may decide the maocimum 
number of i n s t a r s a spider may pass through before the 
attainment of m a t u r i t y (Bristowe.1958)» while the amount 
of food consumed may influence the actual number (Deevey 19^9, 
Miyashita 1968a) as i n Lactrodectus mactans (Fabr.) 
(AraneaerTheridiidae) and Lycosa T-insignata Boes,(Araneae: 
Lycosidae). Linyphia t r i a n g u l a r i s Clerck (Araneae: 
Linyphiidae) moults four times a f t e r emergence from the 
egg i r r e s p e c t i v e of the q u a n t i t y of food supplied 
( T u r n b u l l 1962). 
Laboratory bred specimens of the large green 
l y n x spider, Peucetia v i r i d a n s (Hentz), (Araneae;Oxyopidae), 
undergo fewer moults thsui when l i v i n g i n the f i e l d . The 
male has 7 or 8 moults while the female has 8 or 9 
(Whitcomb I 9 6 6 ) . 
Dondale ( I 9 6 I ) and Whitcomb (I966) found width 
of carapace an e a s i l y measured s t r u c t u r e which served as a 
r e l i a b l e guide to the number of i n s t a r s , although some 
v a r i a t i o n and overlapping of size between contiguous i n s t a r s 
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was seen i n Peucetia v i r i d a n s (Hentz), However, Miyashita 
(1968a) concluded t h a t a f t e r the f i r s t two i n s t a r s of 
Lycosa T-insignata Boes. carapace width was influenced 
too much by the amount of "food consumed. 
When measurements of part of an insect's body 
are p l o t t e d f o r each i n s t a r on l o g paper the mean values 
may f a l l on a s t r a i g h t l i n e . According to Dyar's Law 
(Wigglesworth I95O) the slope of the l i n e i s about 1.4 
and represents a constant geometric growth r a t e f o r t h a t 
p a r t of the body. Whittaker ( I 9 6 5 ) , f o r example, applied 
t h i s i n f o r m a t i o n t o head width measurements of Neophilaenus 
(Hemiptera;Cercopidae) to corroborate evidence f o r the 
number of i n s t a r s . There are few published growth 
c h a r a c t e r i s t i c s f o r spiders. Miyashita (1968a) considered 
t h a t increase i n carapace width i n the l y c o s i d spider did 
not f o l l o w Dyar's Law. I t might be argued, however, that 
the few measurements made by him would make i t u n l i k e l y f o r 
observed values to f i t p r e c i s e l y those predicted. Width 
of carapace was found to increase s l i g h t l y a f t e r moulting. 
(b) Method and Results 
I t was not possible t o separate R.lividus from 
other species as they emerged from the s o i l e x t r a c t i o n 
apparatus and at the same time make precise measurements. 
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A l l m a t e r i a l was p i c k l e d i n 70% alcohol containing a few 
drops of 1?^ " f o r m a l i n . This r e s u l t e d i n some shrinkage 
of the abdomen but the carapace remained unaltered. 
P i c k l i n g without p r e v i o u s l y subjecting specimens to a 
r e l a x i n g agent l i k e e t h y l acetate causes the legs of spiders 
to c u r l beneath the body and so made i t impracticable to 
measure such s t r u c t u r e s as l e g segments amd sterna. 
Immature stages had to be exeimined i n s p i r i t which meant 
t h a t r e f l e c t i o n of l i g h t rendered head width measurements 
inaccurate. As a possible i n d i c a t i o n of stage of development, 
width of carapace was selected. 
Carapace width of a l l but damaged specimens was 
measured, the sample c o n s i s t i n g of about 800 spiders 
c o l l e c t e d from October I967 to November I968, and all 
d e f i n i t e l y Robertus l i v i d u s . 
A histogram was constructed from measurements 
made w i t h an occular micrometer and k peaks are seen (Fig.25). 
A p l o t of cumulative frequency against width of carapace on 
a r i t h m e t i c p r o b a b i l i t y paper suggest k clear i n f l e x i o n s and 
so i n d i c a t e 5" main size groups (Fig,26). The method of 
Taylor and Lewis (I967) to separate overlapping stages 
revealed the possible existence of two stages i n the 
f i r s t peak of the histogram. 
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That there are 5 i n s t a r s i n the l i f e h i s t o r y of 
R . l i v i d u s was supported by observations on labo r a t o r y specimens. 
On completion of ecdysis a l l had carapace widths w i t h i n one 
standard d e v i a t i o n (determined g r a p h i c a l l y ) f o r a given peak 
on the histogram. Newly hatched s p i d e r l i n g s fed once before 
moulting s h o r t l y a f t e r emerging from the egg. The short 
d u r a t i o n of t h i s f i r s t i n s t a r may explain why i t i s not 
r e a d i l y discerned on the histogram. 
The f i r s t peak on the histogram apparently 
represents an overlap of f i r s t and second i n s t a r s . The 
remaining peaks represent i n s t a r s ^, k and 5» Csirapace 
w i d t h increased between moults but not to an extent which 
merged the peaks, Male adults cind sub-adults have wider 
carapaces than t h e i r female coixnterparts which w i l l explain 
the bimodal nature of the peaks f o r the l a s t 3 i n s t a r s . 
Table 2 2 , Robertus l i v i d u s , measurement of carapace width 
i n s t a r s 
1 2 3 ^ 5 
mean (micrometer u n i t s ) 1 5 . 2 1 7 , 8 24 . 0 3 1 , 1 42 , 6 
mean i n mm, 0 , 4 ? 0.33 0 , 7 4 0 , 9 5 1 , 3 1 
standard d e v i a t i o n i n mm. 0 , 0 6 0 . 0 7 0 , 0 9 0 . 0 7 0 , 0 9 
Rate of increase 1 . 1 7 1 . 3 5 1 . 2 9 1 . 3 7 (mean 1 . 2 9 ) 
A regular geometric increase i n width of carapace 
(Table 2 2 ) i n d i c a t e s t h a t i n s t a r s intermediate to those 
Fig'27. Robertus l i v i d u s , log. plot of width of 
carapace of each instar (straight line) 
and corresponding arithmetic plot (curved line) 
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suggested do not e x i s t . Except f o r i n s t a r 1 , used here 
to describe the stage which emerges from the egg, logarithms 
of mean widths f o r i n s t a r s l i e close to a strsiight l i n e 
( F i g . 2 7 ) . 
( c ) D i s t r i b u t i o n of i n s t a r s 
The percentage composition of i n s t a r s . i s used to 
describe the s t r u c t u r e of the population throughout the 
aaitire sampling p e r i o d . However, when numbers f l u c t u a t e , 
percentage values may be misleading. Reference must also 
be made to the a c t u a l numbers removed from the e x t r a c t o r , 
I n s t a r 1 
The main periods i n which eggs hatch must coincide' 
c l o s e l y w i t h the peaks of abundance f o r i n s t a r 1 ( F i g , 2 8 ) » 
Numbers f o r t h i s i n s t a r may w e l l have been higher were i t 
not f o r the short duration of t h i s stage. I n the laboratory 
where food was p l e n t i f u l , spiders passed through t h i s stage 
i n 5 days at room temperature. Captive specimens i n the 
f i e l d took between 10 and 15 days to reach i n s t a r 2 when , 
temperatures ranged from 5 to 10'C, 
I t appears t h a t there was an autumnal hatch i n 
September I 9 6 8 i n a d d i t i o n to the e a r l i e r hatch which 
commenced i n Jainuary, According to actual numbers caught 
(Table 2 5 ) , the v^inter emergence was sustained u n t i l March 
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when numbers ranged between 30 and 3 5 . Female spiders 
which were extracted between Ju l y and I'larch r e a d i l y l a i d 
eggs i n c a p t i v i t y i f food was p l e n t i f u l . 
I n s t a r 2 
The September peak f o r i n s t a r 1 i s follov/ed by 
a peak f o r the second stage i n October and November ( F i g . 2 8 ) , 
An increase also took place from February to March and i n 
May, most probably as a r e s u l t of recruitment from winter 
and s p r i n g hatching. Numbers then declined u n t i l the 
f o l l o w i n g autumn, A s i g n i f i c a n t d i f f e r e n c e at the 3% l e v e l 
occurred between May and June cind between August and September, 
f o r numbers of i n s t a r 1 + 2 combined, 
I n s t a r 3 
The f i r s t peak occurred i n A p r i l a f t e r the peak 
i n March f o r i n s t a r 2 ( F i g , 2 8 ) . The difference i n numbers 
between the two months was s i g n i f i c a n t . 
A pronounced peak of abundance i s seen i n July 
c o i n c i d i n g w i t h a d r a s t i c reduction i n numbers of i n s t a r 2 . 
The periods of maxima were generally one month behind those 
f o r i n s t a r 2 . 
I n s t a r 4 
A chi-square t e s t of homogeneity (Appendix 4 ) 
revealed s i g n i f i c a n t seasonal d i f f e r e n c e s . Numbers were 
gene r a l l y low i n wi n t e r but increased progressively from 
9 to 37 spiders i n the autumn. 
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The f i r s t monthly peak occurred i n A p r i l , 
probably from instar 3 individuals which had passed through 
at least part of the winter. From then on peaks of abundance 
were about a month behind those for instar 3 (Fig.28). 
A s i g n i f i c a n t difference was found between numbers 
of instar 3 in^July and August, which coincided with an 
overall increase i n instar 4 i n the summer and autumn. 
Numbers were higher i n October and November 1968 
than i n the corresponding period i n the previous year 
(Table 25). I n 1968 the mean maximum f i e l d temperature 
reached 15 and 8'C with only 10 ground frosts for the two 
months (Durham University Observatory). I n 1967 there were 
24 ground frosts and with mean maxima of 7'C and 4'C. This 
developmental stage seems to be most sensitive to temperature, 
and specimens i n the laboratory only survived between 10 and 
12 days at 5'C. 
Instar 5 (adults) 
Females of R.lividus were to be found i n similar 
numbers throughout the year. Males were fewer, only being 
conspicuous from May to September. I t may be that they exist 
for but a short time, since i n the laboratory none lived 
longer than 14 days at lO'C, and at lower temperatures 3 out 
of the 5 specimens observed were moribund after 5 days' 
c a p t i v i t y . I t is quite l i k e l y that some individuals were 
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missed by a once-monthly sampling programme. They did 
not appear to feed. 
Peaks of abundance for adults (Fig.28) are seen for 
May, July and September, about one month behind the peaks for 
instar 4. Seasonal differences (Appendix 4 ) were not 
s i g n i f i c a n t . 
Mating was not seen i n c a p t i v i t y . However, i n 
October 1967 and i n November 1968 two females had plugs lodged 
i n t h e i r epigjmes, suggesting that mating had occurred at that 
time. I t i s possible that oviposition i n winter and spring 
is preceded by mating during the autumn before the male 
spiders die out. 
2. L i f e history 
Robertus li v i d u s undergoes 4 moults outside the egg, 
apparently having 5 developmental stages apart from the egg. 
The number and duration of cohorts are obscured by the presence 
of every instar on each sampling occasion. The overlap of 
generations seems to be the result of a protracted period of 
hatching which extends i n the main from September through the 
winter to May. 
Instar 1 i n September becomes instar 2 i n October 
and November providing temperatures do not f a l l much below 
5°C f o r very long. In the laboratory, specimens only 
occasionally fed or moved about at that tenqierature. At 
10 and 15'C a l l stages were active and female spiders 
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readily l a i d eggs. Development <ti^ instar "i, continued to 
instar 3 during the winter months of 1968, leading to a 
peak of instar 4 i n A p r i l , and culminating i n a peak for 
adults i n May. The duration of this cohort, from 
September to May, was about 9 months. Eggs l a i d during 
the summer would have been mainly responsible for the hatch 
i n September. 
The results suggest that ty p i c a l l i f e cycles are : 
Instar 1 which emerged i n January and February 1968, became 
instar 2 i n February and March, instar 3 i n A p r i l , sub-adult 
i n June, and f i n a l l y , adult i n July. Some females would then 
have l a i d eggs to contribute to the autumnal hatch. 
The emergent spiderlings from March to May may well 
have accounted for the increase i n instar 3 i n June and July, 
which eventually became adult i n the autumn. Females of 
this cohort presumably over-wintered with, perhaps, some 
females of the previous cohort, to lay eggs which hatched 
from January to May. 
There appears to be 3 main cohorts, the details 
of which are depicted i n Table 23. One of the interesting 
features i s the period i n which male spiders are 
p a r t i c u l a r l y i n evidence. They are able to inseminate, 
f i r s t l y , those female spiders which appear i n early summer, 
and secondly, those which are about to overwinter. 
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The longest duration of a cohort from the time of 
hatching to attainment of the adult condition is about 9 
months when the yoimg spiders emerge i n September. The cohort 
of shortest duration is probably the one whose young emerge i n 
spring and mature by September, extending over a period of 
between 5 and 6 months. 
The length of l i f e of adult female spiders imder 
natural conditions is not known. Specimens i n the laboratory 
lived for as long as eight weeks i f supplied with food i n the 
form of Drosophila. Cocoons from individuals which had j u s t 
been extracted contained between 15 and 32 eggs (mean 20). 
Laboratory fed specimens l a i d as many as 4 cocoons, with as many 
as 43 eggs i n the f i r s t formed. About one t h i r d of the spiders 
extracted i n any given month l a i d eggs shortly after extraction. 
The remainder, usually smaller i n size, required food for at 
least 10 days before laying eggs at 10'C. 
3. Numbers of Robertus lividus 
(a) Extraction 
Except i n 1969 when specimens were required for 
calorimetric and respiration studies, the sampling programme 
for the ground zone was not directed s p e c i f i c a l l y at R.lividus. 
A l l species were removed, i d e n t i f i e d , and counted from 
September 1967 to November 1968. The f i r s t month was used 
to determine the effectiveness of the s o i l extraction apparatus. 
105 
Table 23. Robertus l i v i d u s , possible cohorts based on 
extraction data and monthly composition of instars 
month 
1967 
Aug 
Sept 
Oct 
Nov 
Dec 
1968 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
f i r s t cohort 
eggs 
1 
2 
2/3 
3 
3 
3 
3/4 
4 
second cohort t h i r d cohort 
Mating eggs 
eggs 
1 
1/2 
2 
3 
3/4 
4 
5 
eggs 
eggs 
1 
2 
3, 
3/4 
4 Mating 
eggs 
Details of sampling procedure and extraction are 
described i n Chapter t(t). As specimens emerged from the 
extractor they were stored i n 70% alcohol. I t was possible 
to separate R.lividus from other species (Chapter 3(i) ) and to 
describe details of development and population structure. 
The efficiency of extraction of the spider community 
i n the ground zone was estimated to be 89% (Chapter 2(0)• 
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During A p r i l and May 1969 the efficiency was checked using 
specimens of R.lividus only. Soil samples from the study area 
were subjected to the usual 12 days' heat treatment, after which 
they were moistened and a l l R.lividus were returned to the 
extractor. The numbers of spiders which emerged were compared 
with those introduced. The results are given i n Table 24. 
The percentage efficiency of 91% was similar to the one obtained 
using several species. 
Actual numbers of every instar extracted are given 
i n Table 25. They represent monthly totals derived from 10 
2 
sample units, each of 1/16 metre . 
When multiplied by 1.6, actual numbers are converted 
2 
to numbers per metre . Since numbers for every sample unit 
were recorded (Appendix 3 ) , 95% confidence l i m i t s were 
calculated f o r each sampling occasion (Table 26). 
Wi<ie confidence l i m i t s result from the large 
variances, and i t i s clear that the population was aggregated. 
Table 24. Robertus l i v i d u s , percentage r e t r i e v a l as a measure 
of efficiency of the extractor 
instars instars 
1 + 2 3 + 4 adult females 
i n out i n out i n out 
(1) 
15 12 5 5 3 3 
(2) 
8 
83% 91% 100% 
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Table 25. Robertus l i v i d u s , actual numbers extracted from 
monthly samples, each of which consisted of 
10 sample units of 2 1/16 metre 
month 1 2 3 4 male female t o t a l 
1967 
Oct 21 12 11 1 0 4 49 
Nov 15 20 13 5 1 6 60 
Dec 10 12 7 2 1 4 36 
1968 
Jan 35 24 17 3 0 3 82 
Feb 34 30 10 4 0 3 81 
Mar 30 40 9 5 1 4 89 
Apr 11 22 15 12 0 2 62 
May 19 46 7 4 3 8 87 
Jun 3 20 12 20 0 3 58 
Jul 3 2 29 5 4 3 46 
Aug 1 3 9 8 0 1 22 
Sep 36 14 24 12 4 4 94 
Oct 23 23 13 10 0 3 72 
Nov 16 28 9 15 1 5 74 
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Table 26. Robertus l i v i d u s , t o t a l population density per 
2 
metre , based on nimibers emerging from extractor 
Total - 95% 
month yoxmg adult confidence l i m i t s 
1967 
Oct 72.0 6.4 78.\- 28.8 
Nov 84.8 11.2 96.0 - 56.0 
Dec 49.6 8.0 57.6 - 30.0 
1968 
Jan 126.4 4.8 131.2 - 36.8 
Feb 124.8 4.8 129.6 - 60.8 
Mar 134.4 8.0 142.4 - 70.4 
Apr 96.0 3.2 99.2 - 17.1 
May 121.6 17.6 139.2 - 52.8 
Jun 88.0 4.8 92.8 - 41.6 
Jul 62.4 11.2 73.6 - 17.1 
Aug 33.6 1.6 35.2 - 22,4 
Sep 137.6 12.8 150.4 -116.8 
Oct 110.4 4.8 115.2 - 55.2 
Nov 108.8 9.6 118.4 - 24.0 
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(b) Homogeneity of data 
As ten sample units were taken, ten sites were 
e f f e c t i v e l y investigated for R.lividus over a 14 months period. 
I t i s possible that the data were drawn from d i f f e r e n t 
populations with 'between-sample' variation s i g n i f i c a n t l y 
greater than the variation w i t h i n the samples. An analysis 
of variance was carried out to compare these two effects. 
Since the population as a whole was aggregated 
with variances much larger than the means (Table 26), 
monthly values were transformed to logarithms. Some sample 
units yielded no spiders so log (N + 1) was used, where N 
is the number of spiders extracted from a particular sample 
u n i t . 
The sample units were removed from 10 sites each 
month during the 14 months' extraction period. The results 
of the analysis of variance are summarised i n Table 27. 
Table 27. 
source of Sum of Degrees of Mean Variation 
v a r i a t i o n squares freedom squares r a t i o 
Between sites 1.756 9.00 0.089 1.089 
Residual 10.699 130.00 0.082 
Total 12.455 139.00 
The 5% level of the F r a t i o i s 1.88 which is larger 
than the r a t i o of 1.09 obtained from the population data. 
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I t may be assumed, t h e r e f o r e , t h a t there was no s p e c i f i c 
v a r i a t i o n between the s i t e s . I n f a c t , the .saiiq)les were 
drawn, apparently, from an area over which R. l i v i d u s was 
g e n e r a l l y d i s t r i b u t e d , the same s p a t i a l patterns e x i s t i n g 
a t every s i t e . 
(c) Changes i n numbers extracted 
Numbers of each ins t a r as w e l l as t o t a l nimibers 
per u n i t area are given i n Table* 25 and 26 
The s i g n i f i c a n c e of monthly di f f e r e n c e s were 
c a l c u l a t e d using ' t ' t e s t s f o r i n s t a r s 1 + 2 , combined, 
and i n s t a r 3. Since Taylor's'PoweirLaw' i n d i c a t e d aggregation, 
numbers per sample u n i t were transformed to logarithms. 
Tabulated values are given i n Appendix ; 1 and 2 (raw d a t a ) 
The t o t a l p opulation d i f f e r e d s i g n i f i c a n t l y between 
J u l y and August (p<:0.02) and between August and September 
(p<:0.02). Numbers of i n s t a r s 1 + 2 d i f f e r e d between May 
and June (p-*^0.05) and between August and September (p<0.02). 
I t appeared t h a t as one series of cohorts drew to a close i n 
summer, another was i n i t i a t e d i n September. 
Numbers of i n s t a r 3 d i f f e r e d s i g n i f i c a n t l y between 
March and A p r i l (p< 0.05), June and July (p<0.01) and between 
J u l y and August ( p < 0 . 0 1 ) . Spiders which had passed through 
the w i n t e r as i n s t a r 3 developed i n t o i n s t a r 4 i n the s p r i n g . 
S p i d e r l i n g s which emerged i n s p r i n g and e a r l y summer culminated 
i n a peak f o r i n s t a r 3 i n J u l y . 
I l l 
Since i n s t a r s 4 and 5 (a d u l t s ) were r e l a t i v e l y few, 
seasonal r a t h e r than monthly d i f f e r e n c e s were i n v e s t i g a t e d 
by chi-square t e s t s . D e t a i l s are recorded i n Appendix 4 . 
Sub-adults, i . e . i n s t a r 4, showed a s i g n i f i c a n t 
increase from w i n t e r , through the summer, to the autumn, 
dur i n g 1968 (p^O.OOl). Numbers were high s h o r t l y a f t e r 
numerical increases i n i n s t a r 3, p a r t i c u l a r l y during the 
summer and autumn. 
While males were more i n evidence during the summer 
than at any other time, adults as a whole showed no s i g n i f i c a n t 
d i f f e r e n c e s between seasons ( p < 0 . 0 5 ) . 
T o t a l numbers extracted v a r i e d between 35 and 142 
2 . 
spiders per metre , w i t h the higher value i n March and the 
lowest value i n August. 
4. S p a t i a l p a t t e r n of a population of R . l i v i d u s 
The p a t t e r n of d i s t r i b u t i o n may i n d i c a t e the extent 
of coverage of a species w i t h i n a sample area, the degree of 
aggregation of i n d i v i d u a l s , change i n d i s t r i b u t i o n w i t h age, 
and the adequacy of the sampling programme. 
Since the ph y s i c a l or chemical f a c t o r s of a h a b i t a t 
are probably not randomly d i s t r i b u t e d , aggregation may q u i t e 
l i k e l y a r i s e because one or few f a c t o r s are determining the 
performance or s u r v i v a l of the species (Greig-Smith 1964)1 
On the other hand, eggs l a i d i n c l u s t e r s w i l l f o r a short 
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p e r i o d produce aggregation i n young. M o r t a l i t y or emigration 
w i l l tend to reduce i t w h i l e recruitment w i l l increase i t . 
The female of the species, p a r t i c u l a r l y i n spiders, may lead 
t o a l o c a l i s e d concentration of males. 
(a) Measurement of di s p e r s i o n 
1. The r a t i o of the variance to the mean may be used as a 
2 
measure of d i s p e r s i o n , i . e . s /m, and i s r e f e r r e d to as 
Blackman's c o e f f i c i e n t of di s p e r s i o n (Greig-Smith 1964). 
This t e s t assumes e q u a l i t y of mean and variance f o r a random 
d i s t r i b u t i o n , a r a t i o of less than 1 f o r a regular d i s t r i b u t i o n , 
and greater than 1 f o r an aggregated population. The d i f f e r e n c e 
between the observed r a t i o and u n i t y i s compared w i t h i t s 
standard e r r o r and the s i g n i f i c a n c e of the d i f f e r e n c e estimated 
by a ' t ' t e s t . B a r t l e t ' s m o d i f i c a t i o n (quoted i n Grei3-Smith 
1964) of the Blackman formula was used t o obt a i n the standard 
e r r o r , i . e . 
I n s p e c t i o n of the raw data alone on numbers per 
sample u n i t i n d i c a t e d d e f i n i t e aggregation f o r i n s t a r s 1 + 2 , 
combined. This was i n contrast w i t h the p a t t e r n f o r a d u l t s , 
A decrease i n aggregation apparently occurred w i t h reduction 
i n d e nsity which i t s e l f was r e l a t e d t o age. 
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D i s t r i b u t i o n of i n s t a r s 1 + 2 departed s i g n i f i c a n t l y 
from random during a l l months (Table 28) except i n July and 
August. I n s t a r 3 was aggregated f o r only 2 months w h i l e 
i n s t a r 4 + adults d i d not d i f f e r s i g n i f i c a n t l y from a random 
p a t t e r n . 
Greig-Smith (1964) discusses the c r i t i c i s m s which 
have been l e v e l l e d against the variance: mean r a t i o , i n 
p a r t i c u l a r , the v a l i d i t y of using small means. 
2. Taylor (1961) has pointed out the need f o r an index which 
covers a l l degrees of aggregation so t h a t a s i n g l e index 
describes the d i s t r i b u t i o n of a population, and which should 
also be the same at d i f f e r e n t population d e n s i t i e s . 
I n the case studies described by Taylor, the variance 
was r e l a t e d t o the mean by a simple power law. That i s , the 
variance i s p r o p o r t i o n a l to a f r a c t i o n a l power of the mean. 
2 b 
The expression i s s . = am , where 'a' i s a sampling f a c t o r 
dependent on the size of sample used, or i t may be a computing 
f a c t o r i n v o l v i n g the p a r t i c u l a r estimate of variance. The 
parameter 'b' i s apparently a true index of aggregation and 
i s t y p i c a l f o r a given p o p u l a t i o n . Where 'b' approaches 
i n f i n i t y , a population i s aggregated, ' b ' - ^ l suggests random 
d i s t r i b u t i o n , and b — K ) , i n d i c a t e s a regular d i s t r i b u t i o n . 
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Table 28. Robertus l i v i d u s , c o e f f i c i e n t s of dispersion 
together w i t h s i g n i f i c a n c e at 5% l e v e l 
i n s t a r s 
Month 1 + 2 3 4 + 5 
1967 
Oct 3.60* 0.19 0.05 
Nov 6.74* 0.03 0.08 
Dec 5.11* 0.06 0.05 
1968 
Jan 10.14* 4.41* 0.03 
Feb 8.59* 0.21 0.06 
Mar 18.87* 3.40* 1.90 
Apr 4.03* 2.00 0.03 
May 5.16* 1.90 0.04 
June 11.15* 0.05 0.09 
J u l y 0.08 0.95 1.76 
Aug 0.04 0.06 0.53 
Sept 39.52* 0.10 1.87 
Oct 5.43* 0.20 1.05 
Nov 3.01* 0.03 1.31 
* s i g n i f i c a n c e from random d i s t r i b u t i o n at 5% l e v e l where ' t ' = 2.160 
Variance and mean of density f o r i n s t a r s 1 + 2 , 
3, and 4 + 5 , were p l o t t e d f o r each month on double log. paper 
2 
(Fi g s . 29 and 30). Regressions were then calculated f o r s 
on m to f i n d the regression c o e f f i c i e n t s . Ninety f i v e percent 
confidence l i m i t s , where ' t ' = 2.201, were attached t o the 
regression c o e f f i c i e n t s (Bailey 1959). 
The values f o r 'b' (Table 29) f o r the 3 groups of 
spiders i n d i c a t e the o v e r a l l s p a t i a l patterns which existed 
Fig.29. R . l i v i d u s , l o g . p l o t of variance against mean 
population density at i n s t a r s 1 plus 2 to 
demonstrate the a p p l i c a b i l i t y of Taylor's 
Power Law (1961). 
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over the sampling p e r i o d . The angles of e l e v a t i o n (b = tan 6) 
of t h e i r regression l i n e s are 61', 45', and 26', r e s p e c t i v e l y . 
2 1.0 
Where s = am * or a slope of 45' obtains, a 
random d i s t r i b u t i o n i s i n d i c a t e d . The index of 1 i s w e l l 
outside the 95% confidence l i m i t s f o r i n s t a r 1 + 2 (Table 19 ) , 
but i s included w i t h i n the l i m i t s , which are very wide, f o r 
i n s t a r 3. The 95% l i m i t s f o r i n s t a r 4 + 5 j u s t exclude a 
random d i s t r i b u t i o n . The adults are probably s o l i t a r y . 
2 
The values of s are summarised as follows : 
Parameters de-transformed : 
i n s t a r s 
1 + 2 3 4 + 5 
S^ = 1.48m^-^ S^  = 1.39m^-°^ _2 ^ 0.5 
S = 0.94m 
I n general terms i n s t a r s 1 and 2 were h i g h l y 
aggregated, w h i l e i n s t a r 3 was randomly d i s t r i b u t e d . I n s t a r s 
4 and 5 were under-dispersed. 
116 
Table 29. Robertus l i v i d u s , regression c o e f f i c i e n t s (b) 
c a l c u l a t e d from Taylor's Power Law 
I n s t a r s 
1 + 2 3 4 + 5 
a ( l o g . i n t e r c e p t ) 0.1728 0.1415 -0.0255 
1.8055 1.0141 0.4982 
s i g n i f i c a n c e from zero p< 0.001 p<. 0.001 p-«: 0.05 
95% confidence l i m i t s - 0.5331 - 0.4376 - 0.3362 
(b) Discussion 
S a l t and H o l l i c k (1944) applied Blackman's c o e f f i c i e n t 
of d i s p e r s i o n to t h e i r wire-worm studies and Whittaker (1959) 
used i t t o describe the s p a t i a l d i s t r i b u t i o n of moorland 
Homoptera. Small wire-worms were aggregated i n i t i a l l y 
because eggs were l a i d i n clumps. Older stages had dispersed 
but i n favourable feeding s i t e s new aggregations had arisen . 
With R . l i v i d u s a c h a r a c t e r i s t i c r i s e i n aggregation 
would be expected i f young were a c t u a l l y i n the process of 
hatching. R e l a t i v e l y large numbers of eggs (15 - 33) are 
l a i d i n a cocoon, and as w i t h many species of spiders, 
e s p e c i a l l y those belonging to the T h e r i d i i d a e , the young may 
remain i n the v i c i n i t y of the parent female a f t e r hatching. 
Healey (1964) used Taylor's Power Law i n an 
i n t e r s p e c i f i c comparison between 2 species of Thrips. 
D i f f e r e n t values of 'b', namely, 2.5154 and 1.4831, re s u l t e d 
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; 
from d i f f e r e n t breeding h a b i t s . However, she was unable to 
d i s t i n g u i s h between the young stages of the two species. 
The Power Law applied t o R . l i v i d u s . A s i n g l e index 
described the c h a r a c t e r i s t i c s p a t i a l p a t t e r n of each i n s t a r . 
As the Power Law may break down at very low d e n s i t i e s when the 
2 
concept of aggregation (s > m) i s inappropriate (Taylor 1961), 
i n s t a r s 4 and 5 were combined. A d i s t i n c t i o n seemed unnecessary 
i n any case, because some i n d i v i d u a l s were about to become a d u l t , 
w h i l e a number of adults had j u s t moulted during or p r i o r to 
e x t r a c t i o n . 
There was evidence from the raw data and from laboratory 
observations t h a t d i s p e r s a l from the hatching p o i n t d i d not occur 
s u b s t a n t i a l l y u n t i l the t h i r d moult and then, not to any 
marked ex t e n t . Even at low d e n s i t i e s , i n s t a r 1 + 2 can have 
a variance higher than the mean. The size of sample used, 
2 
1/16 metre could s t i l l detect some aggregation at i n s t a r 3, 
as i n d i c a t e d by Blackman's c o e f f i c i e n t s of dispersion and 
Taylor's Power Law. These f i n d i n g s would not be expected 
i f emigration from the hatching p o i n t had been marked. 
I f new aggregations had a r i s e n , the index of aggregation of 
spiders at i n s t a r 3 would have been higher. Furthermore, 
i n s t a r 4 and adults may also have had higher i n d i c e s . 
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I n the l a b o r a t o r y , adults were not very mobile, 
only moving across t h e i r hammock webs to feed. They may w e l l 
be r e l i c s u rvivors i n the f i e l d of former cocoons or 'colonies' 
founded by s o l i t a r y females. 
The power law can hold good down to low de n s i t i e s 
of m less than 1 (Taylor 1961). This implies t h a t the 
pop u l a t i o n i s aggregated at high d e n s i t i e s but tends t o become 
r e g u l a r when density diminishes. This appears to apply t o 
R . l i v i d u s where m o r t a l i t y r a t h e r than d i s p e r s a l accounts f o r 
d e c l i n i n g d e n s i t y . The wide 95% confidence l i m i t s of the 
index of aggregation, 'b', f o r i n s t a r 3, suggest t h a t 
aggregation breaks down at t h i s stage, i . e . there i s a 
progressive change i n degree of aggregation. 
According t o Blackman's c o e f f i c i e n t s of dispersion 
(Table 28), the d i s t r i b u t i o n of i n s t a r 3 seemed t o resemble 
t h a t of a d u l t s , i . e . under-dispersed. However, despite the 
v a r i a t i o n between some degree,of aggregation and under-
d i s p e r s i o n , a random d i s t r i b u t i o n i s a b e t t e r d e s c r i p t i o n 
of s p a t i a l p a t t e r n over a period of time. 
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CHAPTER SEVEN 
i 
POPULATION BIOMASS OR STANDING CROP OF ROBERTUS LIVIDUS 
The c a l u l a t i o n of standing crop (B) requires 
i n f o r m a t i o n on population d e n s i t y , wet, or p r e f e r a b l y , dry 
weights of i n d i v i d u a l s , and c a l o r i f i c content which represents 
the energy necessary to keep the m a t e r i a l together. 
( i ) Population d e n s i t y (N) 
(a) Method 
The population data, based on numbers a c t u a l l y 
e x t r a c t e d , have been discussed. However, the duration i n the 
f i e l d of i n s t a r 1 i s too short f o r i t to be adequately sampled 
on a once-monthly b a s i s . I t may be seen (Table 25) t h a t 
numbers of t h i s i n s t a r were f r e q u e n t l y less than those f o r 
i n s t a r 2. Hence, estimates of biomass f o r i n s t a r 1 w i l l 
be too low i f based on meagre e x t r a c t i o n data. 
The most l i k e l y number of i n s t a r 1 f o r the year 
beginning October 1967 t o September 1968 was estimated by 
p l o t t i n g the logarithms of annual t o t a l s f o r each stage 
against the corresponding i n s t a r s (Fig.31). A l i n e a r r e l a t i o n 
was established between the observed numbers of spiders at 
i n s t a r s 2, 3, 4, and 5. There i s close agreement between 
the observed t o t a l s and those c a l c u l a t e d from the regression 
equation, w i t h p^0.30 (Table 30). 
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Table 30. Comparison between numbers extracted (O) and 
numbers ca l c u l a t e d (I) from regression equation 
( F i g . 31 ) 
o 
I n s t a r Observed (o) Expected (e) X 
2 245 242 0.037 
3 163 147 1.742 
4 81 89 0.719 
5 59 54 0.463 
/ 2.961 p>0.30 
(3) 
The number of spiders extracted i n a given month 
w i l l be influenced by t h e i r mean d u r a t i o n i n the f i e l d . 
I n a d d i t i o n i t can be assumed t h a t the number of 
i n s t a r 1 ex t r a c t e d i n a given month was influenced by the 
a c t u a l number p r e v a i l i n g i n the f i e l d . The more i n d i v i d u a l s 
there are, the greater the p r o b a b i l i t y t h a t the numbers caught 
w i l l be correspondingly h i g h . On t h i s assumption, monthly 
d e n s i t i e s f o r i n s t a r 1 were adjusted upwards by m u l t i p l y i n g 
the monthly t o t a l by 1.835. For example, i n October 1967 
21 i n d i v i d u a l s were caught at i n s t a r 1, hence the expected 
t o t a l i s 
2 
21 X 400 = 38.5 or 61.6 spiders per metre 
218 
121 
I n t h i s way the imbalance i n the density of i n s t a r 1 
was r e c t i f i e d , so improving the estimate of monthly standing 
crop f o r t h i s stage. 
The monthly t o t a l s extracted f o r a l l i n s t a r s are 
2 
m u l t i p l i e d by 1.6 t o adjust them t o a metre . 
(b) Results 
Table 31 gives the monthly population d e n s i t i e s per 
2 
metre f o r a^iyear. S i g n i f i c a n t d i f f e r e n c e s between monthly 
e x t r a c t i o n f i g u r e s , together w i t h 95% confidence l i m i t s , have 
been described. 
The high population numbers occur i n September, and 
a f t e r a b r i e f d e c l i n e , a r i s e again i n January, February, and 
March when i n d i v i d u a l s at i n s t a r 1 are most numerous. Hatching 
e v i d e n t l y takes place during these months. 
The monthly t o t a l s f o r i n s t a r 2 f o l l o w c l o s e l y those 
of i n s t a r 1. From March t o May, i n s t a r 3 are much i n evidence 
and numbers f l u c t u a t e less f o r t h i s stage than the others. 
From June t o September, sub-adults are more numerous than at 
2 . 
other times, having 32 i n d i v i d u a l s per metre , despite a 
marked d e c l i n e i n the size of the population as a whole. 
The niimbers of ad u l t spiders are generally low 
2 
w i t h a maximum of 17.6 spiders per metre i n May. 
i22 
( i i ) Standing crop 
Estimates of dry body weight could be obtained by 
weighing specimens which were extracted monthly and stored 
i n 70% a l c o h o l . During the d r y i n g process, the absorbed f l u i d 
evaporates. However, i t was shown i n fitaptep 15(>)that spiders 
may not only lose up t o 40% of t h e i r dry body weight during 
storage, but the loss i s h i g h l y v a r i a b l e . I n a bioenergetic 
study, estimates of dry weight need to be as accurate as 
p o s s i b l e . 
I t o (196^.) has found a l i n e a r r e l a t i o n between wet 
and dry weight i n Lycosa pseudoannulata. As t h i s applied to 
R . l i v i d u s , dry weights were calculated from the appropriate 
regression equations. Furthermore, Engelmann (1966) and 
Whignarajah (1968) had discovered d i f f e r e n t regression 
c o e f f i c i e n t s between s t a d i a of c e r t a i n arthropods, separate 
regression l i n e s were drawn f o r immature and adult spiders. 
(a) Method 
During 1969, l i v i n g specimens of R . l i v i d u s , at a l l 
stages of development, were removed from the e x t r a c t o r . Width 
of carapace were used to s o r t them i n t o i n s t a r s . Young stages 
were weighed on an E.M.B. electromicrobalance, while adults were 
more conveniently weighed on a M e t t l e r H.16 balance. The 
mean l i v e weight f o r each i n s t a r was calculated and ' t ' t e s t s 
applied t o r e v e a l the s i g n i f i c a n c e of the differences between 
i n s t a r s . 
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A f t e r d r y i n g the specimens i n a vacuum oven at 60'C 
f o r 48 hours, dry weights were obtained. The regression 
equations f o r dry on wet weight could then be c a l c u l a t e d . 
Table 31. Robertus l i v i d u s , monthly population d e n s i t i e s per 
2 
metre , 1967-68. (Numbers of i n s t a r 1 adjusted) 
Month i n s t a r s 
T o t a l 
1967 
Oct 61.6 19.2 17.6 1.6 6.4 106.4 
Nov 44.0 32.0 20.8 8.0 11.2 116.0 
Dec 29.3 19.2 11.2 3.2 8.0 70.9 
1968 
Jan 102.8 38.4 27.2 4.8 4.8 178.0 
Feb 99.8 48.0 16.0 6.4 4.8 175.0 
Mar 88.0 64.0 14.4 8.0 8.0 182.4 
Apr 32.4 35.2 24.0 19.2 3.2 114.0 
May 55.8 73.6 11.2 6.4 17.6 174.6 
June 8.8 32.0 19.2 32.0 4.8 96.8 
J u l y 8:8 3.2 46.4 8.0 11.2 77.6 
Aug 2.9 4.8 14.4 12.8 1.6 36.5 
Sept 105.7 22.4 38.4 19.2 12.8 198.5 
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Table 32. Robertus l i v i d u s , r e l a t i o n between dry and wet weights 
(from regression equations) together w i t h mean 
calp'tific values 
1 2 3 4 male female 
mean 
l i v e weight 0.1336 0.2762 0.8453 2.6250 4.8199 7.4000 
standard 
d e v i a t i o n 0.034 0.145 0.274 0.426 0.9897 2.530 
mean 
dry weight 0.0644 0.1129 0.3066 0.9124 1.6363 2.5000 
cals/g dry 
wt ash f r e e 5236 5236 5519 5540 5550 5716 
(b) Results 
Table 32 gives the mean l i v e weight f o r each i n s t a r 
and the corresponding dry weight. Differences between i n s t a r s 
were a l l h i g h l y s i g n i f i c a n t . 
Figs.32 and 33 show a l i n e a r r e l a t i o n between wet and 
dry weights. From the graphs the f o l l o w i n g regression 
equations were obtained f o r c a l c u l a t i n g dry weights : 
immature adult 
equation Y = 0.0189 + 0,34o4X Y = 0.0208 + 0.3352X 
confidence l i m i t s b - 0.0215 b - 0.1385 
c o r r e l a t i o n c o e f f i c i e n t s 0.99 0.95 
The po p u l a t i o n data included numbers of each i n s t a r 
e x t r a c t e d over 12 months. M u l t i p l i c a t i o n of the monthly 
values by the mean dry weight f o r each i n s t a r provides 
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estimates of biomass, which are given i n Tables 33-38. The 
t o t a l p opulation biomass i s given i n Table 39 and i s presented 
g r a p h i c a l l y i n Fig,35 w i t h t o t a l population density. 
Standing crop i n terms of c a l o r i e s or biocontent 
was c a l c u l a t e d each month by m u l t i p l y i n g the mean c a l o r i f i c 
value of an i n s t a r (Chapter 4 (.!>) ) by the t o t a l dry weight 
(Psfg.40). 
(c) Discussion 
The c o n t r i b u t i o n of i n s t a r 1 t o t o t a l population 
biomass was small despite r e l a t i v e l y large numbers of i n d i v i d u a l s , 
The mean dry body weight was 0.06mg. Only i n January, February 
2 
and September d i d dry weights exceed 6mg per metre , w i t h 
corresponding c a l o r i f i c value of 30 c a l o r i e s . 
As w i t h i n s t a r 1, dry weights per i i n i t area were 
ge n e r a l l y low f o r i n s t a r 2. However, the mean body weight 
had increased by the t h i r d i n s t a r to produce maxima of 14 
2 
and 12mg per metre i n J u l y and September. The corresponding 
biocontent was 78 and 65 c a l o r i e s . 
Although numbers were much reduced by the time a 
p a r t i c u l a r cohort had reached i n s t a r 4, mean body weight had 
increased t o 0.91mg, about three times t h a t of the previous 
i n s t a r . Where a marked increase i n density of i n s t a r 4 i s seen, 
2 
as i n A p r i l , June and Septemberj dry weights per metre ranged 
from 17 to 29mg, equivalent to a maximum of 161 c a l o r i e s . 
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Adult spiders , and females i n p a r t i c u l a r , made the 
l a r g e r c o n t r i b u t i o n to population biomass. Both mean body 
weight and c a l o r i f i c content were w e l l above those of other 
2 
i n s t a r s . Dry weights per metre were q u i t e consistent w i t h 
only two pronounced maxima of 24 and 32mg i n November and May, 
2 
r e s p e c t i v e l y . Biocontent reached 183 c a l o r i e s per metre 
i n the l a t t e r month. 
Mean monthly biomass (B) of the t o t a l population 
2 
was 41mg per metre , equivalent t o 223.6 cals. The f a c t o r s 
which influenced standing crop were density, mean i n d i v i d u a l 
weights, and c a l o r i f i c content which increased w i t h stage of 
development. 
Eggs were not considered i n the estimates of 
monthly standing crop. 
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Table 33. Robertus l i v i d u s , monthly standing crop per metre 
f o r i n s t a r 1 
inonth mean 
densj-ty 
weight mg 
wet dry 
c a l o r i f i c 
equivalents (cals) 
1967 
Oct 61.6 8.23 3.97 20.8 
Nov 44.0 5.88 2.83 14.8 
Dec 29.3 3.91 1.89 9.9 
1968 
Jan 102.8 13.73 6.62 34.7 
Feb 99.8 13.3 6.43 33.7 
Mar 88.0 11.76 5.67 29.7 
Apr 32.4 4.33 2.09 10.9 
May 55.8 7.45 3.59 19.4 
June 8.8 1.18 0.57 3.0 
J u l y 8.8 1.18 0.57 3.0 
Aug 2.9 0.39 0.19 1.0 
Sept 105.7 14.12 6.81 35.7 
Table 34. Robertus l i v i d u s . 2 monthly standing crop per metre 
of i n s t a r 2 
1967 
Oct 19.2 5.30 2.17 11.4 
Nov 32.0 8.84 3.61 18.9 
Dec 19.2 5.30 2.17 11.4 
1968 
Jan 38.4 10.61 4.33 22.7 
Feb 48.0 13.26 5.42 28.4 
Mar 64.0 17.68 7.23 37.8 
Apr 35.2 9.72 3.97 20.8 
May 73.6 20.33 8.31 43.5 
June 32.0 8.84 3.61 18.9 
J u l y 3.2 0.88 0.36 1.9 
Aug 4.8 1.32 0.54 2.8 
Sept 22.4 6.19 2.53 13.2 
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Table 35, Robertus l i v i d u s , monthly standing crop per metre 
of i n s t a r 3 
month 
1967 
Oct 
Nov 
Dec 
1968 
Jan 
Feb 
Mar 
A p r i l 
May 
June 
J u l y 
Aug 
Sept 
1967 
Oct 
Nov 
Dec 
1968 
» 
Jan 
Feb 
Mar 
Apr 
May 
June 
J u l y 
Aug 
Sept 
mean 
dens i t y 
17.6 
20.8 
11.2 
27.2 
16.0 
14.4 
24.0 
11.2 
19.2 
46.4 
14.4 
38.4 
weights mg 
wet 
14.88 
17.58 
9.47 
22.99 
13.52 
12.17 
20.29 
9.47 
16.23 
39.23 
12.17 
32.46 
c a l o r i f i c 
dry equivalents (cals) 
5.40 29.80 
.6.38 35.2 
3.43 18.9 
8.39 46.3 
4.90 27.0 
4.41 . 24.3 
7.36 40.6 
3.43 18.9 
5.89 32.5 
14.23 78.5 
4.41 24.3 
11.77 65.0 
Table 36. Robertus l i v i d u s , monthly standing crop per metre 
1.6 
8.0 
3.2 
4.8 
6.4 
8.0 
19.2 
6.4 
32.0 
8.0 
12.8 
19.2 
of i n s t a r 4 
4.20 
21.00 
8.400 
12.60 
16.80 
21.00 
50.40 
16.80 
84.00 
21.00 
33.60 
50.40 
1.46 
7.30 
2.92 
4.38 
5.84 
7.30 
17.52 
5.84 
29.20 
7.30 
11.68 
17.52 
8.1 
40.4 
16.28 
24.3 
32.3 
40.4 
97.1 
32.3 
161.8 
40.4 
64.7 
97.1 
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Table 37, 
month 
1967 
Oct 
Nov 
Dec 
2 Robertus l i v i d u s , monthly standing crop per metre 
of a d u l t male spiders 
weight mg 
mean 
den s i t y 
0 
1.6 
1.6 
wet 
0 
7.71 
7.71 
dry 
e 
2.62 
2.62 
c a l o r i f i c 
equivalents (cals) 
0 
14.5 
14.5 
1968 
Jan 
Feb 
Mar 
A p r i l 
May 
June 
J u l y 
Aug 
Sept 
0 
0 
1.6 
0 
4.8 
0 
4 
0 
4.8 
8 
.71 
0 
0 
7, 
0 
23.14 
0 
23.14 
0 
23.14 
0 
0 
2.62 
0 
7.85 
0 
7.85 
0 
7.85 
0 
0 
14.5 
0 
43.6 
0 
43.6 
0 
43.6 
Table 38. 
1967 
Oct 
Nov 
Dec 
1968 
Jan 
Feb 
Mar 
Apr 
May 
June 
J u l y 
Aug 
Sept 
Robertus l i v i d u s , monthly standing crop per metre' 
of a d u l t female spiders 
6.4 
9.6 
6.4 
4.8 
4.8 
6.4 
3.2 
12.8 
4.8 
4.8 
1.6 
6.4 
47.36 
71.04 
47.36 
35.52 
35.52 
47.36 
23.68 
94.72 
35.52 
35.52 
11.84 
47.36 
16.00 
24.00 
16.00 
12.00 
12.00 
16.00 
8.00 
32.00 
12.00 
12.00 
4.00 
16.00 
91.5 
131.2 
91.5 
68.6 
68.6 
91.5 
45.7 
182.9 
68.6 
68.6 
22.9 
91.5 
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Table 39. 
month 
1967 
Oct 
Nov 
Dec 
1968 
Jan 
Feb 
Mar 
Apr 
May 
June 
J u l y 
Aug 
Sept 
Robertus l i v i d u s , monthly standing crop of young and 
, 2 
a d u l t spiders m mg dry weight per metre 
t o t a l 2 
density/m young 
106.4 
116.0 
70.9 
178.0 
175.0 
182.4 
114.0 
174.6 
96.8 
77.6 
36.5 
198.5 
13.00 
20.12 
10.41 
23.72 
22.59 
24.61 
30.94 
21.17 
39.27 
22.46 
16.82 
38.63 
standing crop mg 
a d u l t T o t a l 
16.00 29.00 
26.62 46.74 
18.62 29.03 
12.00 35.72 
12.00 34.59 
18.62 43.23 
8.00 38.94 
39.85 61.02 
12.00 51.27 
19.85 42.31 
4.00 20.82 
23.85 62.48 
Table 40. Robertus l i v i d u s , monthly standing crop i n terms of 
month 
1967 
Oct 
Nov 
Dec 
1968 
Jan 
Feb 
Mar 
Apr 
May 
June 
J u l y 
Aug 
Sept 
t o t a l 
biomass mg 
29.00 
46.74 
29.03 
35.72 
34.59 
43.23 
38.94 
61.02 
51.27 
42.31 
20.82 
62.48 
biocontent ( c a l o r i e s per metre ) 
biocontent 
young 
70.1 
85.1 
56.4 
128.0 
101.4 
132.2 
169.4 
114.1 
216.2 
123.8 
92.8 
211.0 
adul t 
91.5 
145.7 
106.0 
68.6 
68.6 
106.0 
45.7 
226,5 
68.6 
112.2 
22.9 
135.1 
T o t a l 
161.6 
230.8 
162.4 
196.6 
170.0 
238.2 
240.1 
340.6 
284.8 
236.0 
115.7 
346.2 
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CHAPTER EIGHT 
ENERGY FLOW IN ROBERTUS LIVIDUS 
I n t r o d u c t i o n 
A s s i m i l a t i o n , which represents the t o t a l energy 
e n t e r i n g an i n d i v i d u a l or species population, has been 
estimated from work on food consumption (e.g. P h i l l i p s o n 1960, 
1967; Manga 1970), or from data on r e s p i r a t i o n and production 
(e.g. Saito 1965, Kajak 1967, Whignarajah 1968), i . e . 
A = C- FU = R + P 
where C = food consumed, FU = r e j e c t a (faeces and e x c r e t i o n ) , 
R = maintenance metabolism, and P = net production. 
I t i s d i f f i c u l t i n a l i m i t e d time f o r one worker 
to measure a l l parameters. Hence, i n the present study 
a s s i m i l a t i o n or gross production was estimated from the sum 
of r e s p i r a t i o n and net production only. I d e a l l y , the f i g u r e 
f o r a s s i m i l a t i o n i n any study should be a r r i v e d at by two 
independent means ( P h i l l i p s o n 1967). 
Energy flow through any organic u n i t i s governed 
by the F i r s t Law of Thermodynamics which states t h a t a l l the 
energy absorbed by a system must u l t i m a t e l y be surrendered 
by i t . While r e s p i r a t i o n i n the present study represents 
the energy l o s t i n maintaining the spider population, net 
production i s t h a t amount of energy which i s a v a i l a b l e to 
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other t r o p h i c u n i t s before i t f i n a l l y d i s s i p a t e s . 
1. Production i n R . l i v i d u s 
Petrusewicz and Macfadyen (1970) defined production 
as 'The net balance of food t r a n s f e r r e d t o the tissue, of a 
pop u l a t i o n during a defined time period,, i . e . net balance between 
a s s i m i l a t i o n and r e s p i r a t i o n ' , where 
P = A -f- R 
Production, P, consists of a number of components: 
There i s the a c c r e t i o n through growth (Pg) of somatic m a t e r i a l . 
The formation o f reproductive t i s s u e which s p e c i f i c a l l y r e f e r s 
t o eggs and sperms b u t , which i n the present context, includes 
webs of cocoons ( P r ) . Net production also covers moulted skins 
(ML), excretory products and webs f o r ensnaring prey. The l a s t 
two named components were not i n v e s t i g a t e d , hence net production 
as a whole i s 
3 
P = Pg + Pr + ML 
1 
Symbols a f t e r Petrusewicz and Macfadyen (1970). 
( i ) Production of eggs and cocoons (Pr) 
(a) Fecundity 
Four captive females were enclosed i n the study 
area during the w i n t e r and s i x during the summer. Nylon 
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gauze across the openings of j a r s which enclosed l e a f l i t t e r 
allowed small arthropods from the surrounding debris to enter, 
but prevented the spiders from escaping. Adult male spiders 
were placed i n s i d e the j a r s w i t h the females. One cocoon 
only was constructed by each female although, imder laboratory 
c o n d i t i o n s , as many as 4 cocoons were found when food was 
p l e n t i f u l . The mean fe c u n d i t y of spiders under f i e l d 
c onditions was 19.8 - S.E. 2.7 eggs. 
The observed sex r a t i o i n terms of adult-spiders 
removed by the e x t r a c t o r was 14 males : 45 females. The 
average l o n g e v i t y of a d u l t males i s probably s h o r t , not 
exceeding 4 weeks under la b o r a t o r y c o n d i t i o n s . Hence, 
numbers of males are under-estimates. 
The output of eggs per i n d i v i d u a l amounted t o 
45 
— X 20 = 15.3 eggs 
The population was assumed to be i n stable 
e q u i l i b r i u m , each a d u l t being replaced by one adu l t i n the 
next generation. Therefore, 93.5% of the eggs l a i d , i . e . 
X 100 = 93.5% 
must have died. The value of 59 s u r v i v i n g adults from 
October 1967 t o September 1968 represented 7% of the eggs 
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which were o r i g i n a l l y l a i d . Hence, 
93 
t o t a l eggs l a i d = — x 59 = 784 
Eggs were t r e a t e d as i f they were d i s c r e t e 
i n d i v i d u a l s having a known d u r a t i o n . During the win t e r 
4 f r e s h l y constructed cocoons were placed i n the study area. 
Between 10 and 13 weeks l a t e r the young spiders emerged. 
During the summer i n August the incubation time was between 
4 and 6 weeks. The mean incubation p e r i o d was considered 
t o be 2 months ( t ) , hence 392 eggs were l a i d . 
The i n d i v i d u a l dry _weight of eggs came to 0.0300mg 
and the c a l o r i f i c content amounted to 6.001 Kcals/g (ash f r e e ) . 
This i n f o r m a t i o n was used to compute egg production. On the 
2 
basis of a metre , biomass and biocontent came t o about 19mg 
and 113 c a l s , r e s p e c t i v e l y . 
(b) Production o f cocoon m a t e r i a l 
Emergent spiders leave behind the s i l k cocoon 
which enveloped the eggs. Since there were 392 eggs l a i d , 
2 
which i s equivalent t o 627 per metre , the number of d i s c r e t e 
cocoons constructed was 
627 _ „T ,,1 ^ = 31.4/m 
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The i n d i v i d u a l weight of cocoons (without spiders 
and d r i e d over anhydrous CaCl2) came to l.SOmg. Therefore, 
c o n t r i b u t i o n t o production was 57.6mg, equivalent t o 309 cals 
2 
per metre since there are 5.370Kcal/g of cocoon m a t e r i a l . 
Table 41 summarises the data on reproductive 
production (P^). 
Table 41. Robertus l i v i d u s , c o n t r i b u t i o n of reproductive 
m a t e r i a l to production 
mean - S.E. bibmass biocontent 
2 2 2 N dry wt mg numbers/m mg/m- '. cals/m 
Eggs 24 0.03O0io.Oe3 627.2 18.8 112.9 
Cocoons 6 1.8000-0.060 31.4 57.6 309.3 
.76:;4:... .422.2 
( i i ) Production through growth (Pg) 
The parameter, Pg, has been.estimated f o r only a 
few species of spiders. I n Trbchb'sa - r u f i c o l a ^ (Breymeyer 1967) 
developmental stages and breeding season were s u f f i c i e n t l y 
c l e a r t o permit a study of a s i n g l e cohort,.so.that production 
of the p o p u l a t i o n could be worked out from a s u r v i v o r s h i p curve. 
I n the case of R . l i v i d u s ^ • a p r o t r a c t e d period of 
recruitment occurred from September to May. Low.temperatures 
apparently retarded the development of a l l stages.during December, 
January and February, as shown by the f l a t t e n e d . p a r t of the 
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p o p u l a t i o n curves i n Fig.26. Under laboratory conditions 
ins t a r 4 i n d i v i d u a l s were p a r t i c u l a r l y s e n s i t i v e to temperatures 
below lO'C, being unable to feed or survive f o r more than 
about 4 weeks. From October to March e x t r a c t i o n f i g u r e s 
f o r t h i s stage were low. Hence, low temperatures and" 
c o n t i n u a l reproduction produced a population w i t h a considerable 
overlap of generations. 
A s i t u a t i o n s i m i l a r t o t h a t of R.lividus was 
found i n a population of s o i l Collembola by Healey (1967). 
The d i s t r i b u t i o n of numbers of i n d i v i d u a l s i n size classes 
was used as a s u r v i v o r s h i p curve and i t was assumed t h a t no 
p o r t i o n of the p o p u l a t i o n was sampled more than once. On 
the other hand, a population of continuously reproducing Copepoda 
was reduced to a s i n g l e 'cohort' (Winberg et a l , c i t e d i n 
Petruswicz and Macfadyen 1970) from i n f o r m a t i o n on the 
p h y s i o l o g i c a l length of developmental stages. 
The possible methods f o r estimating production 
i n R . l i v i d u s would appear to f a l l i n t o one of two groups. 
F i r s t , those based on the assumption t h a t each p a r t of the 
p o p u l a t i o n was sampled only once i n a given time period. 
Second, w i t h i n f o r m a t i o n on d u r a t i o n of stages, an attempt 
can be made t o i d e n t i f y p a r t i c u l a r cohorts or to convert the 
e n t i r e population data to a s i n g l e 'cohort'. 
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(a) Construction of a s u r v i v o r s h i p curve 
There were two cohorts which d i f f e r e d s u b s t a n t i a l l y 
i n d u r a t i o n . One was i n i t i a t e d i n September w i t h adults 
emerging i n May and June, w h i l e the other commenced i n spring 
or e a r l y summer and was completed by September. From these 
two cohorts the mean du r a t i o n of a cohort and i t s stages 
could be estimated. 
The d i s c r e t e number of i n d i v i d u a l s (V ) at each 
s 
stage which passed through the population was calculated from 
the number of spiders (NT) extracted over the 12 months 
sampling p e r i o d . Since the approximate du r a t i o n ( t ) of each 
stage i s known, 
.V = N-T/t s i s 
A s u r v i v o r s h i p curve could then be drawn from the 
data i n Table 42, together w i t h the i n d i v i d u a l growth curve 
t o provide a method f o r esti m a t i n g production (Fig.34). 
(b) Production (Pg) 
I t was assumed t h a t h a l f the i n d i v i d u a l s found 
at two consecutive times (or stages) gained i n weight by an 
amount which was equivalent t o the d i f f e r e n c e i n mean weights 
between the two occasions (Petrusewicz and Macfadyen 1970). 
Hence, 
Pg^. = ^ T i ^  ^ T i i (W^., - W^ .) = N^. . A W^ . 
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Table 42. Robertus l i v i d u s , a c t u a l numbers of stages from the 
e x t r a c t o r and numbers (v ) estimated from mean 
s 
du r a t i o n of stages 
Numbers 
extr a c t e d 'long' 
eggs 784 (estimate) 3 
i n s t a r 1 218 1 
2 245' 2 
3 163 2 
4 81 2 
5 59 2 
cohorts 
d u r a t i o n i n months 
'short' 'mean' 
2 
1.5 
1.5 
1.5 
1.5 
392 
218 
163 
109 
54 
39 
Summation of production of a l l stages or segments of time ( k ) , 
gives the t o t a l production 
.i=k 
P8t = ^ T i • ^ ^ T i 
1=1. 
Since the spiders were extracted from ten sample 
2 
u n i t s each of 1/16 metre , production f i g u r e s were adjusted 
2 
t o a metre (by m u l t i p l y i n g them by 1.6). The r e s u l t s are 
given i n Table 43. 
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Table 43. Robertus l i v i d u s , production (Pg) f o r each stage (K) 
f o r the e n t i r e population during October 1967 to 
September 1968 
2 
i n d i v i d u a l Mean dry wt mg per metre 
dry wt -
mg T i * T i mg cals 
Eggs 0.0300 - - -1 0.0644 10.49 16.79 104.08 
2 0.1129 9.21 14.74 76.97 
3 0.3066 26.34 42.15 226.37 
4 0.9124 49.07 78.51 434.03 
5 2.0631 52.93 84.69 474.49 
T o t a l 148.04 236.88 1,315.94 
( c ) C o n t r i b u t i o n o f m o r t a l i t y f r a c t i o n (£ ) 
The method, d e s c r i b e d p r e v i o u s l y , f o r computing 
p r o d u c t i o n (Pg) accounts f o r the c o n t r i b u t i o n s o f s u r v i v o r s 
and e l i m i n a t e d i n d i v i d u a l s . The e s t i m a t e d p r o p o r t i o n 
f r o m t h e m o r t a l i t y f r a c t i o n was o b t a i n e d from the d i f f e r e n c e s 
i n numbers o f c o n s e c u t i v e stages, m u l t i p l i e d by the average 
o f t h e i r i n d i v i d u a l w e i g h t s , i . e . A N . W . 
^1 ^1 
The mean b i o c o n t e n t (Chapter41''^) o f consecutive 
i n s t a r s was used t o c o n v e r t d r y we i g h t p r o d u c t i o n t o 
c a l o r i f i c e q u i v a l e n t s . 
Summation o f a l l stages g i v e s t o t a l p r o d u c t i o n 
o f t h e whole m o r t a l i t y f r a c t i o n ( E ^ ) . The formulae used 
( P e t r u s e w i c z and Macfadyen 1970) are as f o l l o w s : 
1^0 
hence, i = k 
E , = ] _ (AN ) 
1 = 1 1 
Estimates of production from eliminated i n d i v i d u a l s (E) 
are given i n Table hh. 
The t o t a l f or the m o r t a l i t y f r a c t i o n amounted to 
711 c a l s . 2 per metre for the year , 1967-1968. This represents 
5^9^ of t o t a l production ( P _ ) . 
Table kk. Robertus l i v i d u s , production of m o r t s i l i t y f r a c t i o n 
per metre^ 
i n s t a r s " l - " 2 ^1 ^1 1 
c a l o r i e s 
1 174 0.0472 13.13 68.8 
2 55 0.0886 7.79 40.8 
3 54 0.2097 18.11 100.0 
55 0.6095 53.63 297.0 
15 1.4902 35.76 204.5 
Tot a l " 128.42 711.1 
( i i i ) Production from exuvia (ML) 
A l l s p i d e r s of a p a r t i c u l a r i n s t a r (n2) w i l l 
have moulted to reach that stage of development. I n 
a d d i t i o n , i t can be assumed that a ntunber of i n d i v i d u a l s (n^) 
at the preceding stage managed to moult before dying. 
Hence, the mean number (n) of s p i d e r s which moulted was 
estimated from 
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n = — ^ 
Weights o f c a s t s k i n s were o b t a i n e d from i n d i v i d u a l s 
k e p t i n c a p t i v i t y u n t i l t h ey had moulted. A f t e r t h e i r stage 
o f development had been determined, the exuviae were vacuum 
d r i e d b e f o r e w e i g h i n g . 
The number o f m o u l t s m u l t i p l i e d by the mean 
d r y w e i g h t o f s k i n s gave the amount o f m a t e r i a l shed by 
each i n s t a r . Since the c a l o r i f i c v a l ue o f s k i n s was 
known (Chapter 4 )» the e q u i v a l e n t i n c a l o r i e s per metre^ 
c o u l d be e s t i m a t e d (Table ^ 5 ) , 
Exuviae from i n s t a r 1, had they moulted p r i o r t o 
t h e i r emergence from cocoons, would have been i n c l u d e d i n 
t h e e s t i m a t e s f o r cocoon and c o n t e n t s . 
Table k3, Robertus l i v i d u s , the c o n t r i b u t i o n o f exuviae 
t o p o p u l a t i o n p r o d u c t i o n 
I n d i v i d u a l s mean d r y exuviae 
m o u l t i n g / w t . exuviae per metre ^ c a l o r i f i c 
I n s t a r metre^ mg mg e q u i v a l e n t / m ^ 
•'• 190 0,002kto,0003 0.7296 3.0 
^ ,136 0.0119^0.001 2.6054 10,7 
^ 81 0.0320i0.011 4.1472 17.0 
^ 46 0.2799-0,021 20,6006 84.5 
5 
T o t a l 28.0828 115.2 
142 
( i v ) D i s c u s s i o n 
A 'meain' s u r v i v o r s h i p curve was dral^^l from data 
which r e l a t e d t o more than one c o h o r t . As the mean d u r a t i o n 
o f s t a g e s were e s t i m a t e s from o b s e r v a t i o n s based on f i e l d 
d a t a i t was n o t p o s s i b l e t o d e f i n e d u r a t i o n v e r y p r e c i s e l y , 
A, p o s s i b l e a l t e r n a t i v e approach would have been 
t o p l o t t h e msiin peaks o f abundance o f each stage f o r each 
o f t h e t h r e e main c o h o r t s , and so e s t i m a t e m o r t a l i t y from 
a r e g r e s s i o n a n a l y s i s o f numbers on t i m e . This i s s i m i l a r 
t o t h e tech n i q u e used by Smsilley (I96O) w i t h a p o p u l a t i o n 
o f grasshoppers. However, the peaks o f abundance f o r 
any p a r t i c u l a r stage o f R . l i v i d u s may have been d e r i v e d 
f r o m i n d i v i d u a l s b e l o n g i n g t o more than one c o h o r t . 
F u r t hermore, a c o n s t a n t m o r t a l i t y r a t e would have t o be 
assumed and t h a t no p a r t o f t h e p o p u l a t i o n was seunpled 
more th a n once. 
Table 46 summarises the data on p r o d u c t i o n . 
The e s t i m a t e f o r the whole o f t h e annual n e t p r o d u c t i o n 
i s 34lmg d r y wt which corresponds t o 1.853Kcals/metre^. 
About 71% o f t h e t o t a l c a l o r i e s came from growth amd 
32%' f r o m egg and cocoon p r o d u c t i o n . The main c o n t r i b u t i o n 
t o p o p u l a t i o n p r o d u c t i o n i s from female s p i d e r s which bear 
t h e eggs and so have l a r g e r body w e i g h t s and a r e l a t i v e l y 
h i g h c a l o r i f i c c o n t e n t . 
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Table 46. Robertus l i v i d u s , components of production 
per m^ , I968 
^ P = P + P + ML = Total 
\ S r 
= 237 76 28 = 341 mg dry wt 
= 1316 422 115 = 1853 c a l o r i e s 
The annual estimate of 237nig dry weight per metre^ (Pg) 
f o r R . l i v i d u s d i f f e r s s u b s t a n t i a l l y from the production figure 
for T , r u r i c o l a (Breymeyer I 9 6 7 ) . This estimate i s much 
higher than the l4lmg recorded for the wolf spider, which 
' i s a l a r g e r s p e c i e s aind produces over I 6 0 eggs per cocoon. 
I t may be that the suction device and hand s o r t i n g used by 
Breymeyer i n conjunction with biocenometers y i e l d e d 
r e l a t i v e l y low numbers of s p i d e r s . The s u b j e c t i v e nature 
of these methods when compared, say, with the l a t e r a l 
e x t r a c t o r , i s open to s e r i o u s c r i t i c i s m (Petrusewicz and 
Macfadyen 1970 ) . 
2 , Population maintenance metabolism 
( a ) Method 
The r e s p i r a t o r y data for R . l i v i d u s and H§ta 
segmentata, as v j e l l as the data for other species of s p i d e r s 
(Anderson 1970) , c l e a r l y show temperature dependence. 
Regression equations were c a l c u l a t e d , therefore, to describe 
r a t e of r e s p i r a t i o n on temperature (Table 4 7 ) . From monthly 
f i e l d temperatures for the study area i t was p o s s i b l e to 
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estimate, approximately, f i e l d metabolic r a t e s (Table 4 8 ) . 
D a i l y r e s p i r a t o r y r a t e s were m u l t i p l i e d by the 
o x y - c a l o r i f i c value of 4 . 8 K c a l s / l i t r e of oxygen, assuming 
a mixed r e s p i r a t o r y substrate of glycogen, f a t and prot e i n , 
to give energy l o s s per milligramme l i v e weight. 
The monthly mean biomass (mg l i v e weight) was 
derived from the standing crop (already given) at the 
beginning and end of each monthly i n t e r v a l . The monthly 
maintenance metabolism for each i n s t a r could then be 
estimated by m u l t i p l y i n g mean biomass by the number of 
c a l o r i e s l o s t through r e s p i r a t i o n per u n i t weight, 
(b) R e s u l t s 
The summation of monthly t o t a l s provided the 
estimate f or the annual population metabolism (Tables 49-55) 
which amounted to 2.74Kcals, 
Although low numerically, sub-adult spiders l o s t 
794 c a l o r i e s per m^ during the year through r e s p i r a t i o n . 
T h i s i s almost 30?^ of the t o t a l metabolic l o s s for the 
population. The higher f i e l d temperatures during the 
Slimmer and t h e i r high r e s p i r a t o r y r a t e s per u n i t weight, 
were mainly r e s p o n s i b l e . The r e s p i r a t o r y energy turnover 
of a d u l t females, with larg e i n d i v i d u a l biomass, i s a l s o 
high. 
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A d u l t males had a mean annual s t a n d i n g crop o f 
o n l y l 4 c a l s per metre^, about 1/6 t h a t o f females which 
2 cunounted t o 85 c a l o r i e s . However, energy l o s s per metre 
o f males was o n l y a l i t t l e under h a l f t h a t f o r females. 
The a d u l t male c o n t r i b u t i o n i s i m p o r t a n t d e s p i t e very low 
d e n s i t i e s . 
The maintenance c o s t o f i n s t a r 1 was about 10?^ 
o f t h e p o p u l a t i o n t o t a l . T h is was p a r t l y because o f 
t h e i r s m a l l biomass and the low temperatures u s u a l l y 
p r e v a i l i n g a t t h e time o f maximum occurrence. 
D i s c u s s i o n 
Changes i n d e n s i t y , bibmass, and metabolism f o r 
the p o p u l a t i o n are recorded i n Fig.35, The f i r s t and 
second parameters f l u c t u a t e more than the f i e l d metabolism 
which has a smooth annual c u r v e . 
While p o p u l a t i o n d e n s i t y , c o n s i s t i n g o f a h i g h 
p r o p o r t i o n o f v e r y young stages, i s h i g h from January t o 
March, the c o r r e s p o n d i n g biomass i s low and maintenance 
met a b o l i s m i s a t i t s l o w e s t l e v e l . The e f f e c t o f low 
f i e l d t e mperatures a t t h i s time i s c l e a r . 
W i t h t h e development o f s p i d e r s d u r i n g the summer, 
p o p u l a t i o n biomass i n c r e a s e d d e s p i t e d i m i n i s h i n g d e n s i t y . 
H i g h e r temperatures and the i n c r e a s e i n s t a n d i n g crop l e d 
t o an i n c r e a s e i n p o p u l a t i o n metabolism. 
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Density and biomass rose to t h e i r r e s p e c t i v e 
maxima i n September, Large numbers of young spiders 
appeared while a d u l t females were s t i l l r e l a t i v e l y numerous. 
However, the i n c r e a s e i n population metabolism i s not as 
pronounced as i n June, 
I t seems that the maintenance cost to the population 
of young stages i s reduced when emergence takes place towards 
the end of winter. Low temperatures w i l l depress the 
r e l a t i v e l y high s p e c i f i c metabolic r a t e s of these s p i d e r s . 
I n turn, t h i s would a t l e a s t p a r t i a l l y o f f s e t the e f f e c t s 
of shortage of food i n winter and when production (Pg) 
i s low. The other appropriate time for hatching i s at 
the end of summer by which time females have reached 
maturity. There should be s u f f i c i e n t food for ei l l stages 
to o f f s e t the high population maintenance c o s t . 
Other f a c t o r s l i k e i n t e r s p e c i f i c competition 
may operate i n determining p a t t e r n s of l i f e - c y c l e s . 
On the other hand, the f a c t that a mid-summer emergence 
does not take place can be expledned by the i n a b i l i t y of 
sub-adults to withstand the conditions of overwintering, 
a t l e a s t p a r t l y because of t h e i r high s p e c i f i c metabolism. 
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Table k7, Robertas l i v i d u s , r e g r e s s i o n equations for mean 
ra t e of r e s p i r a t i o n ( l i l O^/mg l i v e wt/hr) on 
temperature (X) 
i n s t a r 
1 + 2 
3 
k 
5 
female 
male 
regressxons 
0.0306 + 0.09X 
0.1367 + O.O^X 
0.0787 + O.O6X 
0.0883 + 0.03X 
0.0023 + O.O8X 
Table A-8.. Robertus l i v i d u s , estimates of mean respiratory-
r a t e s adjusted to f i e l d temperatures 
Month 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May-
June 
J u l y 
Aug 
Sept 
Oct 
mean r e s p i r a t i o n ( V L I O^ /mg l i v e wt/hr) 
f i e l d , 1 2 3 4 a 9 temperature C 
7.6 0.990 0 . 4 4 1 0.535 0.610 0.316 
6.2 0 . 864 0.385 0.451 0.498 0.274 
5.5 0.801 0.357 0.409 0 .442 0.253 
k.O 0.666 0.297 0.319 0.322 0.208 
7.9 1.017 0.453 0.553 0.634 0.325 
7.8 1.008 0.449 0.547 0.626 0.322 
SA 1.062 0.473 0.583 0.674 0 .340 
11.2 1.314 0.585 0.751 0.898 0 .424 
12.8 1.458 0 .649 0.8'47 1,026 0.472 
12 . 6 1 . 440 0 . 6 4 1 0.835 1.010 0 .466 
12.8 1.458 0 .649 0 .847 1.026 0.472 
9.3 1 . 143 0.509 0.637 0 .746 0.367 
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3 . Energy flow i n R . l i v i d u s 
I n energy flow s t u d i e s (e.g. T e a l 1957) 
population s i z e a t any given time i s expressed i n milligrammes 
dry weight or i n c a l o r i e s , per metre^, and i s r e f e r r e d to as 
the standing crop. 
The energy absorbed to hold the l i v i n g m a t e r i a l 
together i s equivalent to net production which was derived 
from s u r v i v o r s h i p and i n d i v i d u a l growth curves for a 'mean 
cohort', and i n c l u d e s the energy of cocoons and exuviae. 
The l o s s of energy through r e s p i r a t i o n , i . e . 
malntencince metabolism, was estimated from mean r a t e s 
(•[il O^Ms l i v e v/t/hr) which were adjusted to f i e l d 
temperatures. R e s p i r a t i o n i n eggs v;as not considered. 
The energy budget for the population of 
R . l i v i d u s i s given i n Table 56. A mesin stsinding crop 
of 0.278Kcals/metre^/year r e s p i r e d 2.742Kcals and retained 
about 1.853Kcals/metre^/year. Total a s s i m i l a t i o n caffle to 
2 
4.59Kcals/metre /year. Net population production e f f i c i e n c y 
was about 40^ (Chapter l i ^ ) . 
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CHAPTER NINE 
1. L i f e - h i s t o r y of Meta segmentata 
(a) General comments 
Cocoons w i t h eggs were found from the end of 
September and beginning of October at the base of tree trunks, 
or i n crevices of f a l l e n logs, a l l of which were i n a s t a t e 
of decay. 
Eggs hatched at the end of A p r i l or during the 
f i r s t h a l f of May. As many as 132 eggs per cocoon were l a i d 
although the usual number was less than 100. I n the laboratory, 
s p i d e r l i n g s remained w i t h i n or around the cocoon f o r two or 
three days u n t i l d i s t u r b e d , or when there was a marked r i s e 
i n temperature. Dispersal then took place and i n the f i e l d 
the distance covered was q u i t e considerable w i t h young spiders 
d i s t r i b u t e d throughout the f i e l d l ayer and canopy. At t h i s 
stage they apparently favoured south-facing and sunny aspects. 
From about the middle of June, there was a 
marked tendency f o r the spiders t o congregate i n the more 
sh e l t e r e d and damp parts which, i n f a c t , c o n s t i t u t e d the 
study area. The population f i g u r e s were influenced 
i n i t i a l l y by t h i s immigration of young spiders. 
The l i f e span of M.segmentata (outside the egg) 
occupied nearly 5 months. I n her study of web spiders 
belonging t o the Argiopidae Kajak (1967) records 100 days 
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f o r the large Araneus quadratus and 160 days f o r A.comutus 
and. Singa hamata. These observations from lowland areas 
c o n t r a s t w i t h those of Cherrett (1961) f o r Meta merianae 
which overwinter i n moorland t o lay t h e i r eggs i n t h e i r 
second summer. Despite the suggestion by Locket and 
M i l l i d g e (1953) t h a t M.segmentata also may pass the w i n t e r , 
there was no evidence at Wjmyard t h a t t h i s happened. 
(b) Developmental stages 
The f i r s t c o l l e c t i o n s of M.segmentata were made 
i n the autumn of 1967. Eggs were l a i d i n c a p t i v i t y and while 
some cocoons were r e t a i n e d , others were placed i n the study 
area i n nylon mesh bags w i t h l i t t e r . Young spiders emerged 
du r i n g A p r i l i n 1968, w h i l e i n the f i e l d d u ring 1969, 
emergence was delayed u n t i l May. The f i r s t spiders t o appear 
have been r e f e r r e d to as i n s t a r 1. 
Meta segmentata was s p e c i f i c a l l y sampled during 
1969. A f t e r spiders had been anaesthetised by e t h y l acetate 
vapour, measurements were recorded f o r width of carapace, 
le n g t h of t i b i a 1, wi d t h of abdomen, and o v e r a l l length. 
L i v e and dry weights of some specimens were also recorded. 
A l l measurements were made w i t h an oc(^ular micrometer i n a 
x6 eye-piece which was used i n conjunction w i t h a 2/3 o b j e c t i v e . 
I t was hoped t h a t a frequency d i s t r i b u t i o n of the data would 
i n d i c a t e the number of i n s t a r s . 
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With the exception of length of t i b i a 1, a l l 
measurements v a r i e d continuously. Although spiders could 
be placed i n t o 4 groups on the basis of t i b i a 1, the suggestion 
of 4 i n s t a r s was not convincing. Spiders which were known to 
be male because of swollen pedipalps v a r i e d enormously i n s i z e , 
despite the f a c t t h a t the lengths of t i b i a 1 were about the 
same. A l i n e a r r e l a t i o n was not found between the possible 
i n s t a r s and t h e i r mean length of t i b i a 1, even when logarithms 
were used. C l e a r l y , the length of t h i s s t r u c t u r e d i d not 
n e c e s s a r i l y increase at every moult. 
Che r r e t t (1961) had found t h a t he could separate 
s a t i s f a c t o r i l y the i n s t a r s of Meta merianae by using a 
combination of measurements r a t h e r than a s i n g l e one, which 
on i t s own may be less s e n s i t i v e than a ' m u l t i v a r i a t e ' 
a n a l y s i s . Accordingly, i t was decided t o adopt a s i m i l a r 
procedure w i t h M.segmentata. 
Measurements of t i b i a 1 were added to the 
corresponding carapace widths and the combined values p l o t t e d 
against body l e n g t h . From the d i s t r i b u t i o n of points i t was 
possible to detect 5 groups (Fig.36). The presence of 
g e n i t a l i a or swollen pedipalps enabled the sexes to be 
d i s t i n g u i s h e d as e a r l y as the 3rd i n s t a r . This discovery 
was p a r t i c u l a r l y i n t e r e s t i n g because i t not only revealed 
the possible e r r o r i n the ' u n i v a r i a t e ' approach, but also 
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corrected the common assumption t h a t swollen pedipalps can 
only denote the penultimate stage of development i n male 
spi d e r s . 
Further credence i s given to the p o s s i b i l i t y 
of 5 i n s t a r s when the l o g . measurements of t i b i a 1 plus 
carapace w i d t h are p l o t t e d against the appropriate i n s t a r s 
( F i g . 3 7 ) . 
As f a r as i s known, there are no records of 
number of i n s t a r s i n M.segmentata. Cherrett (1961) suggested 
t h a t the c l o s e l y r e l a t e d M.merianae underwent 7 moults. 
Blackwall ( c i t e d by Comstock 194®) described 5 i n s t a r s i n 
Epeira c a l o p h y l l a (syn. Z y g i e l l a a t r i c a i n Locket and 
M i l l i d g e 1953). 
Three of ,the 5 i n s t a r s are shown i n Figs. 38 
and 39. 
(c) The d u r a t i o n of i n s t a r s 
Cocoons which had been placed i n various parts of 
the wood were used t o i n d i c a t e the main period of emergence. 
Of the 22 cocoons observed, 15 were empty by the 14th day of 
May, 3 more by the 22nd, and 1 more by the 27th. The 
remaining cocoons produced no spiders and gradually were 
invaded by a fungus. 
Most eggs had hatched by the f i r s t h a l f of May. 
The main cohort from then onwards was very much apparent 
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by i t s synchronous development. With reference t o length of 
t i b i a 1 and the e x t e r n a l g e n i t a l i a , the percentage composition 
of stages revealed a peak f o r i n s t a r 1 i n May, 2 i n June, 
3 i n J u l y , 4 i n August, and f o r adults i n September (Fig.40). 
A more precise p i c t u r e of d u r a t i o n i s presented 
by using the technique of Gabbutt ( c i t e d by W h i t t a k e r ) , which 
was also used s u c c e s s f u l l y by Whittaker (1965) i n the study 
of moorland Homoptera. I f , as i n the case of Meta segmentata, 
the mean dry weights of spiders caught on each sampling occasion 
are p l o t t e d against the dates on which sampling had taken place, 
a growth curve i s produced. The growth t a k i n g place i n the 
species population i s represented by changes i n the mean 
weights between successive samples. The mean dry weight of 
a p a r t i c u l a r sample depends on the proportions of d i f f e r e n t 
developmental stages. When the mean dry weights f o r each 
i n s t a r , c a l c u l a t e d from specimens already assigned t o the 
i n s t a r during the analysis of developmental stages, i s 
superimposed on the growth curve, i t i s possible to estimate 
the time lapse between i n s t a r s . Although t h i s technique 
excludes i n s t a r 1, the du r a t i o n of t h i s stage can be 
ca l c u l a t e d from i n f o r m a t i o n on the period of emergence from 
cocoons. 
The growth curve was constructed from the 
mean weights of both sexes (Fig.41). The f a c t t h a t there 
are d i f f e r e n c e s w i l l a f f e c t t o some extent the estimates 
Fig.40. Meta segmentata, percentage composition of 
i n s t a r s i n the population, 1969. 
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of d u r a t i o n . However, these dif f e r e n c e s are small u n t i l 
the a d u l t stage. 
I d e a l l y , two independent methods of c a l c u l a t i o n 
are p r e f e r a b l e t o one i n the estimation of d u r a t i o n . 
Whittaker (1965) obtained supporting evidence on the d u r a t i o n 
of cercopid njmqjhs by p l o t t i n g a series of d i s t r i b u t i o n 
curves f o r each i n s t a r at regular i n t e r v a l s of time. 
Although i t was not possible t o implement t h i s procedure 
i n the present study, i t was noted t h a t Whittaker found 
very close agreement(^to w i t h i n two days^between the two 
methods. 
As shown i n the previous s e c t i o n , the sexes 
could be d i s t i n g u i s h e d from i n s t a r 3 onwards. This meant 
t h a t the growth curve f o r dry weight could also i n d i c a t e 
the d u r a t i o n of a d u l t male and female spiders. Very few 
a d u l t spiders were i n evidence i n the catch f o r 27 August. 
However, by the next sampling occasion, 13 September, 
v i r t u a l l y a l l specimens were a d u l t . By drawing a curve 
f o r female spiders, based on observations from August onwards, 
i t was possible t o show t h a t they underwent t h e i r f i n a l moult 
by 10 September. Male spiders appeared t o mature at about 
the same time, and from the middle of September they were 
i n v a r i a b l y seen i n the company of females. 
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The l i k e l y d u r a t i o n of i n s t a r s i s set out i n 
Table 57. The o v e r a l l l i f e span of males and females was 
about the same, 135 and 139 days a f t e r hatching, r e s p e c t i v e l y . 
Male spiders may have j u s t reached m a t u r i t y before females 
and i f the time taken by females t o lay t h e i r eggs i n the 
ground zone i s included, then females probably o u t l i v e d 
t h e i r partners by several days. 
By the end of the f i r s t week i n October the 
main cohort had disappeared. Freshly constructed cocoons 
were found from the end of September, accompanied i n several 
cases by the parent female which was much reduced i n size 
and moribund. I n October, spiders belonging t o the genus 
Meta consisted of a few M.segmentata, the females of which 
were much smaller than previous specimens, the occasional 
M.segmentata mengei, and M.merianae. 
Apart from sampling M.segmentata during 1968 
to record changes i n population density and biomass, no 
d e t a i l e d analysis was c a r r i e d out to e s t a b l i s h the dura t i o n 
of i n s t a r s . Although eggs appeared t o hatch i n A p r i l as 
w e l l as May, the main cohort p e r s i s t e d f u r t h e r i n t o October 
than i n 1969. The r e l a t i v e l y m i l d w i n t e r and spring i n 
1967-68 may account f o r the e a r l i e r emergence. The wet 
and cooler summer which followed may ex p l a i n the longer 
o v e r a l l l i f e span. There was no obvious evidence t o 
suggest t h a t there were more than the 5 i n s t a r s . 
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Tu r n b u l l (1962) had found t h a t unfavourable conditions delay 
r a t h e r than increase the number of moults i n Lihyphia 
t r i a n g u l a r i s . 
Table 57. Meta segmentata, d u r a t i o n i n days of i n s t a r s 
when c a l c u l a t e d from the growth curve, 1969 
Ins t a r 
Females 
mean - S.E, 
dry wt.mg i n t e r v a l 
d uration 
i n days 
1 estimated from 
1 0.1143 • r 0.0243 hatching 18 
2 0.8257 + 0.1320 3 June - 9 July 37 
3 1.9284 + 0.1617 10 July - 12 Aug 34 
4 3.6237 + 0.2350 13 Aug - 9 Sept 28 
5 a d u l t 6.0713 + 0.7416 10 Sept - 24 Sept 15 
Gravid 14.6771 + 2.0223 25 Sept - 1 Oct 7 
T o t a l 139 
Males 
estimated from 
1 0.1143 + 0.0243 hatching 18 
2 0.8257 + 0.1320 13 June - 9 July 37 
3 11.8562 + 0.2931 10 Ju l y - 25 Aug 47 
4 4.4314 + 0.4470 26 Aug - 6 Sept 12 
5 a d u l t 5.4200 + 0.8001 7 Sept - 27 Sept 21 
T o t a l 135 
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2. Determination of population density 
Although T u m b u l l (1960) and Luczak (1963) have 
examined the abundance of spiders on vegetation on woodland, 
there has not so f a r been any attempt to express numbers i n 
absolute terms. Estimates of energy flow iaust be r e l a t e d , 
i f p o s s i b l e , t o f a i r l y precise estimates of density. 
(a) Method of sampling 
D e t a i l s of the bagging technique have been 
described i n Chapter 2(t),This modified use of the sweep net 
2 
employed a canvas bag w i t h a surface area of 628cm at the 
open end. I n the f i e l d l a y e r , the number of bags required 
2 
to sample a metre was 16. I n the lower canopy 6 bags were 
used on each sampling occasion and the nuniber of spiders 
2 
caught adjusted t o a metre . Spiders i n the upper canopy 
were sampled by a beating t r a y and the appropriate adjustment 
2 
made to convert numbers to a metre . 
General sampling was c a r r i e d out once a month 
to o b t a i n estimates of density of the spider community as 
a whole. However, c o l l e c t i o n s were made more f r e q u e n t l y 
f o r M.segmentata. 
The area as a whole was a square of about 0.36ha. 
Three transects running approximately north-south were s i t e d 
by means of canes. Numbers from dice were used t o determine 
the p o s i t i o n s of canes down one side of the square. The 
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paces taken t o reach a p a r t i c u l a r piece of vegetation along each 
tr a n s e c t corresponded t o the numbers on the di c e . 
(b) Population density during 1968 and 1969 
Tables 58 and 59 show the estimated density per 
2 
metre f o r the f i e l d l a y e r , lower canopy and upper canopy, 
w i t h 95% confidence l i m i t s f o r the f i e l d l ayer and study area 
as a whole. 
Spiders appear i n a l l s t r a t a i n May, but the 
maxima were seen on the second census. There was a general 
d e c l i n e i n density w i t h season which i n the upper canopy was 
very apparent. From August onwards, v i r t u a l l y no M.segmentata 
were seen above the lower canopy. 
Although the reduction i n numbers was gradual, 
the trends are cl e a r (Figs. 42 and 43). S i g n i f i c a n t 
d i f f e r e n c e s were detectable at various times w i t h the two-
sample ' t ' t e s t , w i t h variances assumed equal. Real differences 
occurred between 4 June and 10 June ( p ^ 0.01) and between 
19 September and 3 October (P<0.02) i n 1968. I n 1969, 
d e n s i t y d i f f e r e d s i g n i f i c a n t l y between 6 J u l y and 15 July 
(p<0.05) and between t o t a l number f o r August and September 
(p<0.01) (2-sample ' t ' t e s t s ) . 
The gentle decline i n density may w e l l have been 
the r e s u l t of f a i r l y low m o r t a l i t y rates of i n s t a r s w i t h i n 
the wood. However, the sampling of vegetation w i t h s u b s t a n t i a l 
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bramble was d i f f i c u l t . The e a r l y i n s t a r s were small and 
could e a s i l y be missed. Hence the estimates of the young . 
stages may w e l l represent under-estimates. As the spiders 
develop, t h e i r l a r g e r size renders them more conspicuous 
and so allow*nimibers t o be expressed w i t h greater p r e c i s i o n . 
From May t o the beginning of J u l y , spiders 
move about before s e t t l i n g down. I n i t i a l l y , they disperse 
over a considerable area. The most favoured s i t e s are those 
p a r t s of the vegetation having a sunny aspect. From J u l y 
onwards, w i t h extensive development of the vegetation and 
g e n e r a l l y higher temperatures, spiders appear w i t h i n the 
wood i n greater numbers. That i s , they vacate the edges 
of the wood and the more exposed areas as they reach i n s t a r 3. 
This f e a t u r e was n o t i c e d during 1968, 1969, and 1970, and appears 
to be t y p i c a l . A s i m i l a r but less pronounced s h i f t i n the 
p o p u l a t i o n was seen i n Linyphia t r i a n g u l a r i s . 
Although i t i s possible t h a t the apparent 
i n c u r s i o n i n t o the deeper parts of the wood r e s u l t e d from the 
emergence of a l a t e r cohort, t h i s was discounted because the 
very young stages of M.segmentata were too few w i t h i n the wood 
to account f o r an upsurge of the l a t e r i n s t a r s . Luczak (1963) 
has r e f e r r e d t o s i m i l a r s h i f t s i n populations of spiders and 
suggests t h a t i n t e r - s p e c i f i c competition i s a cause. 
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Table 58. Meta segmentata, numbers caught per metre at each 
census during 1968, w i t h 95% confidence l i m i t s f o r 
the f i e l d l a y e r and the population as a whole 
Date 
f i e l d 
l a yer 
13 May 8 + + 5.0 4 June 17 11.8 
10 June 13 T 
t 
8.3 
18 J u l y 12 T
•I-
6.6 
12 Aug 10 6.1 
18 Aug 8 •1- 5.2 
1 Sept 11 6.7 
7 Sept 9 + 7.3 
19 Sept 10 + 8.7 
3 Oct 6 3.4 
lower upper 
canopy canopy 
3.5 2.0 
9.7 3.6 
8.1 1.1 
3.5 1.6 
6.6 1.2 
5.9 0 
4.4 0.9 
1.5 0 
3.0 0 
3.8 0 
T o t a l 
13.5 
29.3 
22.2 
17.2 
17.8 
13.9 
16.3 
10.5 
13.0 
9.8 
4.2 
10.2 
8.8 
7.1 
7.0 
7.8 
8.3 
8.0 
8.9 
5.0 
Table 59. Meta segmentata, numbers caught per metre at each 
census during 1969, w i t h 95% confidence l i m i t s f o r 
the f i e l d l a y e r and the population as a whole 
29 May 9 + 5.4 5.1 1.3 15.4 
+ 
+ 9.2 
4 June 14 T 12.8 7.9 2.9 24.8 + 15.0 
18 June 12 + 7.9 6.0 1.0 19.0 9.0 
6 J u l y 13 + 5.2 7.4 3.4 26.8 + 9.9 
15 J u l y 14 T 
1 
6.1 6.1 1.6 21.7 + 8.4 
4 Aug 10 T 4.8 4.6 0 14.6 + 6.0 
27 Aug 9 T 
4. 
6.2 3.6 1.0 13.6 + 8.2 
13 Sept 7 J, 8.2 4.8 0 11.8 + 8.0 
25 Sept 6 T 6.0 3.6 0 9.6 8.0 
3. The s p a t i a l d i s t r i b u t i o n of M.segmentata 
(a) Population movements 
Mention has already been made of the s h i f t i n the 
spider p o p u l a t i o n w i t h i n the study area. Table 60 presents 
the numbers caught near the edge and w i t h i n the wood. 
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The tren d i s clear w i t h more spiders appearing i n the vegetation 
beneath the t r e e canopy as the season progressed. 
The n u l l hypothesis t h a t the d i s t r i b u t i o n of spiders 
i s the same throughout the season has t o be r e j e c t e d , since 
w i t h a 2 X 2 contingency t a b l e , the p r o b a b i l i t y of such an 
event o c c u r r i n g i s less than 0.1 per cent. 
Table 60. Meta segmentata, method used t o detect movements 
of the population i n the study area 
May 
9 
A 
1968 
Edge of wood 
W i t h i n wood 
% w i t h i n wood 
1969 
Edge of wood 10 
W i t h i n wood 5 
% w i t h i n wood 
Jime 
37 
14 
32%1 
33 
11 
34% 
J u l y August Sept Oct 
9 
8 
28 
20 
17 
14 
11 
17 
11 
29 
62%-
7 
14 
65% 
3 
7 
0 
2 
2 x 2 contingency (df = 1) : 
May-July Aug-Oct 
Edge a c 
W i t h i n b d 
T o t a l g h 
A f t e r Yate's c o r r e c t i o n : 
Totals 
e 
f 
k 
1968 X = 13.05 (p<0.001) 
1969 X ^ = 12-35 (p<0.001) 
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(b) S p a t i a l patterns 
Examination of the contents of each sampling bag 
showed t h a t the s p a t i a l p a t t e r n w i t h i n the vegetation also 
a l t e r e d . The mean number of spiders per bag a l t e r e d w i t h time. 
This aspect was i n v e s t i g a t e d i n the f i e l d layer only, since 
numbers i n the lower and upper canopy were generally small 
and any aggregation could be explained simply by the reduced 
amount of veg e t a t i o n on which webs could be constructed. 
Blackman's c o e f f i c i e n t of dispe r s i o n was used t o 
measure the s p a t i a l d i s t r i b u t i o n of spiders. The mean and 
variance of numbers of spiders per sample bag are given i n 
Table 61, together w i t h the mean : variance r a t i o and the 
s i g n i f i c a n c e of i t s departure from u n i t y . 
The population showed a s i g n i f i c a n t degree of 
aggregation soon a f t e r spiders had emerged from cocoons. 
This can be r e l a t e d t o the behaviour of newly hatched spiders 
and t o the f a c t t h a t the vegetation i n May and ea r l y June had 
yet t o develop f u l l y . The mean : variance r a t i o then declined 
from l a t e June t o August so t h a t the population becomes 
r e g u l a r l y or randomly d i s t r i b u t e d . This coincided w i t h the 
maximal development of the f i e l d layer and lower canopy. • 
Aggregation i s again detected i n September as the 
spiders become a d u l t and the males a c t i v e l y seek out the females, 
The r e s u l t i s a l o c a l i s e d concentration of male spiders i n some 
areas. 
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The marked decline i n numbers of spiders through 
m o r t a l i t y l e d t o an under-dispersed a d u l t population i n 
R . l i v i d u s . I n M.segmentata, on the other hand, the decline 
i n numbers was very gradual and new aggregations of spiders 
arose, p a r t l y at l e a s t because male spiders converged on females. 
Table 61. Meta segmentata,. s p a t i a l d i s t r i b u t i o n w i t h i n the f i e l d 
l a y e r w i t h s i g n i f i c a n c e from random d i s t r i b u t i o n 
mean : var. value 
date mean/bag variance r a t i o of ' t ' s i g n i f i c a n c e 
1968 
13 May - - - - -4 June 1.060 1.927 1.82 2.24 p< 0.05 
10 June 0.812 0.963 1.19 0.51 n.s. 
18 J u l y 0.750 0.600 0.80 - 0.55 n.s. 
12 Aug 0.625 0.517 0.83 - 2.14 n.s. 
18 Aug 0.500 0.375 0.75 - 0.68 n.s. 
1 Sept 0.687 0.625 0.91 - 0.04 n.s. 
7 Sept 0.562 0.729 1.30 3.55 p< 0.01 
19 Sept 0.625 1.050 1.68 1.86 n.s. 
3 Oct 0.375 
1969 
29 May - - - - -
4 June 0.875 2.380 2.72 4.72 p-^  0.001 
18 June 0.750 0.867 1.16 - 0.44 n.s. 
6 J u l y 0.625 0.383 0.61 - 1.06 n.s. 
15 J u l y 0.875 0.517 0.59 - 0.11 n.s. 
4 Aug 0.625 0.317 0.51 - 1.35 n.s. 
27 Aug 0.562 0.527 0.94 - 0.06 n.s. 
13 Sept 0.437 0.929 2.13 3.09 p< 0.002 
25 Sept 0.400 0.517 1.29 3.53 p<^ 0.002 
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CHAPTER TEN 
POPULATION BIOMASS OF M.SEOdENTATA 
The mass of spiders present a t a s p e c i f i c instance 
may be expressed i n weight u n i t s or i n terms of energy content 
(Petrusewicz and Macfadyen 1970). A record of t h i s standing 
crop or population biomass provides i n f o r m a t i o n on the amount 
of spider m a t e r i a l which i s i n existence over a period of 
time. I t also i n d i c a t e s the magnitude of any increase or 
decrease which represent the o v e r a l l e f f e c t s of m o r t a l i t y 
and n a t a l i t y . 
Population data, together w i t h l i v e and dry weights 
and c a l o r i f i c content of spiders, were used t o estimate 
standing crop. C o l l e c t i o n s of spiders were made at various 
times when weather conditions were favourable. Wet 
vege t a t i o n made sampling w i t h the sweep net d i f f i c u l t , 
even though the bagging technique was used. The younger 
developmental stages adhered to wet p l a n t debris and were 
d i f f i c u l t t o see or handle. Numbers were expressed on 
2 
the basis of a metre . 
1. Determination of l i v e and dry weights 
(a) Method and r e s u l t s 
Spiders which were caught i n the sampling bag at each 
census were weighed l i v e i n the l a b o r a t o r y on a M e t t l e r H.16 
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electrobalance. They were then returned t o the study area. 
The r e l a t i o n between wet and dry weights w^ ;^ - estimated 
from regression analyses. Spiders which were w e l l outside the 
study area were weighed before being d r i e d i n a vacuum oven at 
60'C f o r 48 hours. The corresponding dry weights were then 
recorded. The appropriate regression equations were used to 
estimate dry weights of spiders at each census. 
I t o (1964) had found a l i n e a r r e l a t i o n between wet 
and dry weights i n the older stages of the w o l f spider, 
Lycosa pseudoannulata. However, i t was found t h a t the 
regression c o e f f i c i e n t s vary w i t h stage of development i n 
R . l i v i d u s . V a r i a t i o n between sexes might also be expected, 
since a d u l t females i n M.segmentata feed r e g u l a r l y , u n l i k e 
t h e i r p a r t n e r s , and bear large numbers of eggs. Accordingly, 
regressions were c a l c u l a t e d separately f o r the sexes at the 
a d u l t stage (Figs. 44 and 45). The equations f o r young 
stages are recorded i n Table 62. 
The d i f f e r e n c e between the estimates of regression 
c o e f f i c i e n t s (method described i n Bailey 1959) f o r j u v e n i l e s 
i n May-June and July-August was s i g n i f i c a n t (p-<^0.05). 
The estimates f o r female and male adult spiders also d i f f e r e d 
s i g n i f i c a n t l y (p-<0.01). 
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Table 62. Meta segmentata, r e l a t i o n between wet and dry 
b o d i l y weights (Y = dry weight) 
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season 
May-Jxine 
July-Aug 
Aug-Sept 
Sub-adults 
Sept-Oct 
females 
males 
N 
21 
28 
18 
33 
31 
r e g r e s s i o n equation stand.dev. r 
Y = 0.0188 + 0.22^3X 0.0356 .91 
Y = 0.3499 + 0.'2670X 0.3823 .97 
Y = 0.5566 + 0.2725 0.4187 ,95 
Y = 1.1583 + 0.3706X 1.0472 .98 
Y = 0.9474 + 0.2531X 0.5012 .92 
(b) E s t i m a t i n g standing crop 
The mean l i v e weight of s p i d e r s a t each census was 
2 
m u l t i p l i e d by the mean d e n s i t y per metre . The corresponding 
2 
dry weight per metre could then be obtained by applying the 
appropriate r e g r e s s i o n equation. 
Weight u n i t s were converted to t h e i r c a l o r i f i c 
e q u i v a l e n t s by f i r s t i n t e r p o l a t i n g the mean dry weights of 
i n s t a r s on growth curves (e.g. F i g . ) and marking o f f 
t h e i r approximate d u r a t i o n . The c a l o r i f i c content of a 
p a r t i c u l a r i n s t a r ( C h a p t e r 4 ) was m u l t i p l i e d by the dry weight 
of s p i d e r m a t e r i a l p r e v a i l i n g a t the time of the census w i t h i n 
the d u r a t i o n of the i n s t a r . 
The standing crop a t each census i s given i n Talies 63 
2 
and 64. From 2.7mg dry wt/metre i n May 1968, the population 
biomass f o r female s p i d e r s showed a 30-fold i n c r e a s e four 
months l a t e r when the v a l u e was 93mg/metre . I n the males. 
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2 the maximum was 28mg/metre which amounted to a 9-fold i n c r e a s e . 
The standing crop of male s p i d e r s then d e c l i n e s while that of 
females continues to i n c r e a s e . 
Development of i n s t a r s 1, 2, and 3, during 1969 
was more r a p i d than i n 1968 so t h a t l a r g e r i n c r e a s e s i n 
biomass were recorded f o r the f i r s t p a r t of the l i f e c y c l e . 
Biomass (dry weight) a t the f i n a l census f o r female s p i d e r s 
was 11 times t h a t a t the f i r s t census. The corresponding 
d i f f e r e n c e i n male s p i d e r s was about 3 times. Hence, the 
times a t which c o l l e c t i o n s are made may a f f e c t to a large extent 
the magnitude of changes i n standing .crop. 
The maximum val u e f o r the e n t i r e population was 
2 
104mg/metre i n October 1968, which was equ i v a l e n t to an energy 
2 
content of 645 c a l o r i e s / m e t r e (Table 6 5 ) . These values are 
very c l o s e to those f o r September 1969, which came to 102mg 
2 
and 633 calories/metire (Table 6 6 ) . The d i f f e r e n c e between 
the two years may not be s i g n i f i c a n t s i n c e times of census 
i n f l u e n c e estimates of biomass. 
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2 Table 63. Meta segmentata, standing crop per metre during 1968 
Census 
date 
mean ^ 
density/m 
mean 
wet wt mg 
standing crop 
l i v e wt dry wt cals/m^ 
J u v e n i l e s 
13 May 13.5 0.9673- 13.04 2.74 14.24 
4 June 29.3 2.2460 65.85 14.55 75.72 
10 June 22.2 1.5443 34.25 7.44 38.71 
18 J u l y 17.2 4.2476 73.06 13.98 76.51 
Females 
12 Aug 12.6 5.5176 69.74 23.04 126.12 
18 Aug 10.9 8.0528 88.02 27.32 149.55 
1 Sept 11.5 16.6793 192.14 58.77 326.77 
7 Sept 7.0 19.9560 139.69 43.66 242.76 
19 Sept 8.0 26.4822 211.86 69.25 380.52 
3 Oct 7.7 35.9101 275.79 93.31 587.30 
Males 
12 Aug 5.2 8.2562 43.01 14.38 78.73 
18 Aug 3.0 15.3082 45.92 13.31 72.85 
1 Sept 4.8 15.5027 74.41 22.95 129.20 
7 Sept 3.5 22.7460 79.84 23.71 133.48 
19 Sept 5.0 18.7598 93.80 28.48 152.61 
3 Oct 2.1 16.8178 35.15 10.88 58.29 
177 
2 Table 64. Meta segmentata, standing crop per metre during 1969 
census mean mean 
date density/m wet wt mg 
J u v e n i l e s 
standing crop/m 
l i v e wt mg dry wt mg icals^fn^ 
29 May 15.4 2.4278 37.41 8.29 43.14 
4 June 24.8 4.1382 102.75 23.09 125.52 
18 June 19.0 5.6450 107.25 24.24 131.72 
Females 
6 J u l y 19.0 6.6825 126.97 28.61 155.52 
15 J u l y 13.6 9.3320 126.91 30.74 169.45 
4 Aug 8.3 10.2595 85.36 25.70 141.67 
27 Aug 9.5 15.5541 147.76 45.55 253.28 
13 Sept 6.3 23.6762 149.63 48.13 264.49 
25 Sept 6.0 42.7291 256.37 88.06 554.27 
Males 
6 J u l y 7.8 9.0797 70.82 17.07 92.78 
15 J u l y 8.1 9.5460 77.23 18.78 . 103.51 
4 Aug 6.3 10.6951 67.59 20.26 111.67 
27 Aug 4.1 18.0675 74.26 22.52 126.80 
13 Sept 5.5 16.2101 89.48 27.88 149.39 
25 Sept 3.6 12.5468 44.67 14.68 78.66 
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Table 65. Meta segmentata, t o t a l population standing crop 
2 
per metre f o r 1968 
2 
Census mean ^ standing crop /m biocontant 
date densityIm l i v e wt mg dry wt mg c a l s 
13 May 13.5 13.04 2.74 14.2 
4 June 29.3 65.85 14.55 75.7 
10 June 22.2 34.25 7.44 38.7 
18 J u l y 17.2 73.06 13.98 76.5 
12 Aug 17.8 112.76 37.43 204.8 
18 Aug 13.9 133.94 40.64 202\4 
1 Sept 16.3 266.56 81.72 456.0 
7 Sept 10.5 219.53 67.37 376.2 
19 Sept 13.0 305.66 97.73 533.1 
3 Oct 9.8 310.94 104.19 645.6 
Table 66. Meta segmentata, t o t a l population standing crop 
2 
per metre f o r 1969 
29 May 15.4 37.41 8.29 43.1 
4 June 24.8 102.75 23.09 125.5 
18 June 19.0 107.26 24.24 131.7 
6 J u l y 26.8 197.79 45.68 248.3 
15 J u l y 21.7 204.14 49.52 272.9 
4 Aug 14.6 152.95 45.96 253.3 
27 Aug 13.6 222.02 68.08 380.1 
13 Sept 11.8 461.13 76.01 413.9 
25 Sept 9.6 301.04 102.74 632.9 
( c ) Average population biomass (B) 
The average biomass (B) ex d e f i n i t i o n e (Petrusewicz and 
Macfadyen 1970) : 
i = K 
5 = V K B. 
i = 1 
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As the sampling times were i r r e g u l a r l y spaced, 
weighted averages were c a l c u l a t e d by the non-graphical method 
of P e t rusewicz and Macfadyen (p.43. l o c . c i t ) . Hence, from 
the data i n Tables 65 and 66 . 
B — 5 1 = 29069.4= 203.3 cals/m^, 1968 
143 
and, 
B = 1 ^ 33731.8= 281.1 cals/m^, 1969, 
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where BT r e p r e s e n t s biomass ( c a l o r i e ) days and T i s the 
time i n days of the e n t i r e sampling period. 
Despite the s l i g h t l y h igher d e n s i t y i n 1968, the 
average population biomass f o r the year i s about 72% of t h a t 
f o r 1969. 
2. Egg biomass 
Kajak (1967) estimated f e c u n d i t y of web s p i d e r s by 
f i r s t counting cocoons which had been constructed i n the 
ground zone, and then e s t i m a t i n g the mean number of eggs per 
cocoon. T h i s approach would appear to be adequate when cocoons 
can r e a d i l y be i d e n t i f i e d to s p e c i e s , are r e l a t i v e l y l a rge or 
conspicuous, occur i n a c c e s s i b l e s i t e s , and are g e n e r a l l y 
d i s t r i b u t e d w i t h i n the l i t t e r l a y e r . I n the case of Meta 
segmentata , cocoons were h i g h l y aggregated, o c c u r r i n g f o r 
the most p a r t between the bark and wood of f a l l e n and decaying 
l o g s . Furthermore, i t appeared t h a t some spi d e r s may 
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wander some d i s t a n c e i n order to reach s u i t a b l e s i t e s . For 
i n s t a n c e , egg masses were to be found i n p l a c e s where p r e v i o u s l y 
no a d u l t s p i d e r s had been seen. 
With these observations i n mind i t was considered 
appropriate to e s t i m a t e the numbers of eggs l a i d from the d e n s i t y 
of f u l l term females i n the population on the l a s t date of 
sampling. Fecundity i n some i n s e c t s has been shown to be 
piDportional to body weight (e.g. Richards and Waloff, c i t e d i n 
Southwood 1966). According to T u r n b u l l (1962), the weight 
of eggs i n the s p i d e r , L i h y p h i a t r i a n g u l a r i s ; was r e l a t e d to 
body weight. Numbers of eggs per cocoon, however, were h i g h l y 
v a r i a b l e and apparently not r e l a t e d to body weight. 
(a) Method 
So t h a t the r i s k of e x c e s s i v e sampling was reduced 
w i t h i n the study a r e a , female specimens of Meta segmehtata 
were caught elsewhere ( S a t l e y , Co. Durham during September 1967) 
as they were about to descend to the l i t t e r l a y e r to l a y t h e i r 
eggs. They were kept i n 21b jam j a r s , the base of which 
contained a l a y e r of moist p l a s t e r of p a r i s , w h i l e a few twigs 
enabled the c a p t i v e s p i d e r s to b u i l d webs. Drosbphila were 
provided as food. Specimens were weighed as soon as they 
had l a i d t h e i r eggs, and the combined body and cocoon weights 
were taken to r e p r e s e n t the weight of the f u l l term females. 
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Cocoons were weighed a f t e r debris had been picked off 
the webs and excess moisture allowed to evaporate i n a warm 
room f o r 3 hours. A r e g r e s s i o n was c a l c u l a t e d f o r wet cocoon 
weight on body weight. A number of cocoons were then divested 
of t h e i r contents and dry weights and numbers of eggs obtained. 
A f u r t h e r r e g r e s s i o n was c a l c u l a t e d f o r dry weight of eggs on 
wet weight of cocoons. Eggs were d r i e d i n a vacuum oven at 
60'C f o r 48 hours. 
Although numbers of eggs d i f f e r e d q u i t e considerably 
from one cocoon to another, dry weights of i n d i v i d u a l eggs 
showed l i t t l e v a r i a t i o n . The mean number of eggs per cocoon 
was estimated by d i v i d i n g the mean dry weight of eggs per 
cocoon by the mean weight of i n d i v i d u a l eggs. 
The c o n t r i b u t i o n of webs to weight and biocontent of 
cocoons was found by drying the webs over anhydrous CaCl2 
before weighing and burning them i n the miniature bomb 
c a l o r i m e t e r . Drying webs i n the vacuum oven l e d to 
i n c o n s i s t e n t dry weight, presumably because of e l e c t r o s t a t i c 
charges which a t t r a c t e d dust p a r t i c l e s . 
2 
Population fe c u n d i t y and standing crop per metre 
i n terms of cocoon m a t e r i a l could be c a l c u l a t e d from information 
on d e n s i t y of female s p i d e r s , i . e . d e n s i t y m u l t i p l i e d by mean 
weights of cocoons, eggs and webs. C a l c u l a t i o n s w i t h e n t i r e 
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cocoons and t h e i r components provided a u s e f u l check on the 
r e l i a b i l i t y of data. 
2 
Dry egg weight per metre , divided by mean dry 
weight of i n d i v i d u a l eggs, provided an estimate of numbers 
2 
of eggs per metre . 
A l l c a p t i v e i n d i v i d u a l s constructed one cocoon and 
a f t e r a few days i n v a r i a b l y died. Although t h i s appeared 
to be the case i n the f i e l d , the few spent females which were 
found being too weak to move from t h e i r eggs, i t was not known 
w i t h absolute c e r t a i n t y whether they could r e t u r n to the f i e l d 
l a y e r i f favourable c o n d i t i o n s s t i l l p r e v a i l e d . 
R e s u l t s 
Weight of cocoon was r e l a t e d to body weight 
(F i g . 4 6 ) and dry egg weight was r e l a t e d to weight of cocoon 
( F i g . 4 7 ) . The r e g r e s s i o n equations are as follows : 
wet weight of cocoon on wet body weight 
Y = 0.5980X - 2.3461 
dry weight of eggs on wet cocoon weight 
Y = 0.2571X - 1.0056 
The mean dry weight of eggs was estimated to be 
0.1257 - S.D. O.OOlSmg, from which i t was p o s s i b l e to c a l c u l a t e 
the number of eggs. Webs used i n the c o n s t r u c t i o n of cocoons 
showed l i t t l e v a r i a t i o n d e s p i t e the wide d i f f e r e n c e s i n numbers 
of eggs, having a mean va l u e of 1.521 - S.D. 0.1004mg per cocoon. 
F i g , 4 6 . M.segmehtata, r e g r e s s i o n of wet cocoon 
weight on wet body weight (Y = 0,5980X —2,3461, 
where Y re p r e s e n t s wet cocoon we i g h t ) . 
Fig.47. M.segmentata, r e g r e s s i o n of dry egg weight 
on wet cocoon weight (Y = 0.2571X - 1,0056, 
where Y re p r e s e n t s wet cocoon weight). 
<9 
5 0 - r 
40 + 
30 4-
z o o o o o 
20 4, 
10 4-
30 
U - r 
4 0 50 60 70 H JO 
W E T 9 0 0 Y WT. (MC.) 
:» 
111 
> DC O 
U4-
84-
4 + ' 
+ 
1 0 20 3 0 40 so 
WET COCOON WT, ( h C ) 
6 0 
183 
The mean dry weight of gravid s p i d e r s was hi g h e s t i n 
1967, and, as expected, mean cocoon dry weight and numbers of 
eggs exceeded those i n the fo l l o w i n g years (Table 67), 
The d i f f e r e n c e i n mean fe c u n d i t y was small i n 1967 and 1969, 
w i t h 60 and 55 eggs per cocoon, r e s p e c t i v e l y , w h i l e the 
mean f o r 1968 was about 47. 
Over the th r e e y e a r s , 1967-69, dry weights of eggs 
2 
v a r i e d between 42 and 47mg per metre , w h i l e t o t a l numbers 
2 
ranged from 333 to 378 per metre . A s l i g h t l y higher d e n s i t y 
of female s p i d e r s i n 1968 o f f s e t the low mean weight of cocoons, 
so t h a t dry weights and numbers of eggs were s l i g h t l y higher 
than i n 1969 (-r-i^68). 
C a l o r i f i c e q u i v a l e n t s of cocoons, webs, and eggs 
had been determined ( CK<v/tf A-ih) f o r M.segmehtata. The 
v a l i d i t y of these v a l u e s was enhanced by being able to compare 
energy content of eggs and webs burnt s e p a r a t e l y , w i t h values 
obtained from the combustion of whole cocoons (Table 6 9 ) . 
T o t a l biocontent of cocoons which c o n s t i t u t e d the 
st a n d i n g crop from October when they were constructed, to 
the A p r i l f o l l o w i n g when the young s p i d e r s emerged, amounted 
2 
to 357cals per metre i n 1967, 342cals i n 1968, and about 
3 1 0 c a l s i n 1969 (Table 6 9 ) . 
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Table 67. Meta segmentata, data on mean weights (mg) of 
gr a v i d females, cocoons, and eggs. 
body wt cocoon wt eggs/cocoon 
dr^ wet wet dry wt numbers 
1967 
16.02 46.35 25.37 7.528 59.9 
1968 
12.15 35.90 19.12 5.922 47.1 
1969 
14.68 42.72 23.20 6.970 55.4 
Table 68. Meta segmentata, t o t a l weights (mg) of cocoon 
2 
m a t e r i a l and numbers of eggs, per metre 
body cocoon , webs esss d e n s i t y dry wt wet wt dry wt dry wt "^numbers 
1967 
6.32 101.3 160.3 9.68 47.58 378 
1968 
7.68 93.3 146.9 11.76 45.48 362 
1969 
6.00 88.1 139.2 9.19 41.82 333 
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Table 69. Meta segmentata, biocontent of cocoon m a t e r i a l i n 
c a l o r i e s per ^ 2. metre 
Eggs webs T o t a l whole cocoons, 
1967 303.4 47.3 350.7 354 357.2 
1968 290.0 57.5 347.5 325 342.1 
1969 266.7 44.9 311.6 308 309.8 
Note: c a l c u l a t e d from data i n Table 14. where 
biocontent of eggs = 6.377Kcals/g dry weight 
> » ,, webs = 4.892 >» J» J > 
,, whole 
cocoons= 5.981 > > > » > > 
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CHAPTER ELEVEN 
ENERGY FLOW IN META SEGMENTATA 
( 1 ) Production through grov/th 
An appropriate d e f i n i t i o n of growth i s the 
formation of body tissue which may be represented by increase 
i n dry b o d i l y weight. The growth rate i s t h i s increase per 
u n i t of time, or symbolically, 
/iW 
At 
The population growth r a t e i s obtsdned by 
m u l t i p l y i n g the number of i n d i v i d u a l s or standing crop at 
successive p o i n t s i n time by the mean or i n d i v i d u a l grov/th 
r a t e . Engelmann ( I 9 6 6 ) cind^Macfadyen ( 1 9 ^ ) r e f e r to 
t h i s q u a n t i t y as net production. 
However, i t i s clear t h a t the food which i s 
absorbed through the gut w a l l and b u i l t i n t o body tissue 
can be subdivided i n terms of i t s u l t i m a t e f a t e . I n f a c t , 
production has more than one component : gro\>fth of body 
t i s s u e (Pg), growth of reproductive tissue ( P r ) , and 
discarded m a t e r i a l such as moulted exoskeletons (ML), 
excre^ta (U), and webs i n the case of spiders. 
V/ith reference to Meta segmentata, production (Pg) 
includes growth of reproductive t i s s u e . 
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(a) Measurement of growth 
Bodily growth or increase i n iveight per u n i t 
time of the population has been calculated from the mean 
increase i n dry weight of size classes of f i e l d populations 
(e.g. Saito 1965; Smalley I96O; and f o r spiders, Kajak 
1967, and Breymeyer 1967). Successive measurements have 
also been made on i n d i v i d u a l s enclosed under near n a t u r a l 
c o n d i t i o n s (Watson I966) or a c t u a l l y i n the study area 
(Whignarajah I968). 
At V/ynyard, i t was considered most convenient 
to sample the f i e l d population as freq u e n t l y as possible 
i n the time t h a t was a v a i l a b l e . The date of hatching 
was estimated from f i e l d and lab o r a t o r y observations. 
The wet weights of at l e a s t 15 specimens were recorded 
on each occasion and the appropriate regression equation 
was used to obtain corresponding dry v/eights. Most 
specimens were then returned t o the sample areas. 
Although the eggs of M,segmentata hatched over 
q u i t e a long pe r i o d , from the end of A p r i l to the end of 
June, the main cohort was r e a d i l y recognised by i t s even 
age and weight d i s t r i b u t i o n , and included over 8 0 % of 
the p o p ulation. The sexes of M.segmentata could be 
di s t i n g u i s h e d from i n s t a r 3 onwards. The mean weights 
of t h i s i n s t a r had been found by weighing specimens which 
were a l l o c a t e d t o t h i s stage on the basis of a ' m u l t i v a r i a t e ' 
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a n a l y s i s (Chapter'I , sec.tt) ) . Those i n d i v i d u a l s which 
were caught during the population study and which could 
^ also be disti n g u i s h e d by sex, had i n the f i r s t dlnstance 
mean dry weights very close to those of spiders o r i g i n a l l y 
assigned t o i n s t a r 3, Apart from enhancing the c r e d i b i l i t y 
of the method used to denote i n s t a r s , a usefu l point of 
reference was provided. Hence, f o r the production study, 
M.segmentata was conveniently divided i n t o three main size 
groups :• j u v e n i l e s , which included the f i r s t and second 
i n s t a r s , females, and males. 
(b) I n d i v i d u a l growth rates and population production (gg) 
On t h e o r e t i c a l grounds (Simpson, Roe and 
Lewontin, I96O), the r e l a t i o n s h i p between growth and time 
can, i n some cases, be expressed by the function f o r 
a d d i t i v e growth r 
^ = ^0 
where = i n i t i a l dry weight, t = the time i n t e r v a l , 
Y = weight at end of time i n t e r v a l , sind K = ad d i t i v e t 
growth r a t e . 
A l t e r n a t e l y , the geometric or instantaineous 
growth r a t e may be described by 
I f growth i s r e c t i l i n e a r , the values of K or K 
o 
w i l l be constant w i t h time, accepting random f l u c t u a t i o n s 
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about the mean through sampling e r r o r s . 
The values of K and K i n Tables 70 and 71 are 
g 
seen to vary s u b s t a n t i a l l y so t h a t n e i t h e r the ad d i t i v e 
nor the instantaneous growth rate equations adequately 
describe the observations. 
I n p r a c t i c e , i t has been considered appropriate 
(Petruwicz and Macfadyen 1999) to express the increase i n 
biomass between two sampling occasions by v, the average 
d a i l y weight gain : 
- AW 
" 
C l e a r l y , the closer together the observations the more 
accurate w i l l be the average d a i l y weight gain (ADWG). 
The d a i l y production of the population i s found 
by m u l t i p l y i n g the ADWG by the meaJi density of the size 
c l a s s . When t h i s i n t u r n i s m u l t i p l i e d by the number 
of days ( T ) , the production (Pg) of the size class i s 
obtained : 
Pg V.N. T 
Production f o r the e n t i r e l i f e - h i s t o r y i s then 
given by 
s=m 
Pg )_ v^. N^. T 
s=l 
where s represents the age class or stage. As c a l o r i f i c 
equivalents f o r M.segmentata were known (Chapter^C*"^ ) 
increase i n dry weight could be converted to c a l o r i e s . 
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Table 70, Meta segmentata, mean or ind i v i d u s d growth rates 
f o r 1969 (Y = mean dry body weight; t = time of 
census; k = a d d i t i v e growth r a t e ) 
Females Males 
increment increment 
date * 2 - * l Y mg K Y mg K 
8/5 0 0.11^3 0.1143 
28/5 20 0.5379 0,4236 0,0211 0,5379 0,4236 0.0211 
V6 7 0.9301 0.3922 0.0560 0,9301 0.3922 0.0560 
18/6 14 1.2756 0.3455 0.0246 1.2756 0.3455 0.0247 
6/7 18 1.5060 0.2304 0.0128 2.1885 0.9029 0.0502 
15/7 9 2.2604 0,7544 0.0838 2.3212 0.1327 0,0147 
k/8 20 3.0892 0,8288 0,04l4 3.2055 0.8843 0.0441 
27/8 23 4.7951 1.7059 0,0742 5.4840 2.2795 0.0991 
13/9 17 7.6161 2.8210 0,1660 5.0502 -0.4348 . .0.0256 
2V9 12 14.6771 7.0610 0,6419 4,1230 -0.9272 --0.0843 
Table 71, Meta.segmentata, instantaneous growth rates f o r 
1969 (Symbols as i n Table 70, Kg = instantaneous 
growth r a t e ) 
date Females Males 
X f> logg Y Kg Log^ Y Kg 
8/5 0 1,8510 
28/5 20 1.3799 0,0764 1.3799 0.0764 
4/6 7 1.9275 0,0796 1.9275 0.0796 
18/6 14 0,2438 0.0226 0.2438 0.0226 
6/7 18 0.4113 0.0931 0.7830 0.0299 
15/7 9 0.8154 0.0449 0.8420 0.0066 
4/8 20 1.1270 0.0156 1.1647 0.0661 
27/8 23 1,5676 0.0191 1.7020 0.0234 
13/9 17 2,0303 0.0272 1.6194 -0.0048 
24/9 12 2,6865 0.0597 1.4166 -0.0184 
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(c) Results and discussion 
Production a r i s i n g through growth and formation 
of reproductive tissue i s given i n Tables 72 and 73. 
A f t e r emergence from the egg the growth rate was slow 
to begin w i t h u n t i l about the 3rd i n s t a r . During 1968 
the mean d a i l y production of j u v e n i l e s (Table 7^) was 
only 0,0345mg dry wt, compared w i t h 0,7283mg dry wt i n 
1969. The low growth rates f o r j u v e n i l e s i n I968 may 
be r e l a t e d t o the high r a i n f a l l and low temperatures i n 
May, Kajak (I967) described the d r a s t i c e f f e c t s of a 
cold and wet season on Araneus quadratus when production 
was reduced to a tenth of th a t i n a previous year. 
However, the i n f l u e n c e of weather tms less clear at Wynyard. 
Although temperatures were higher i n 1969, mean d a i l y 
production f o r female £ind male spiders was somewhat higher 
i n 1968, The persistence of the main cohort i n October 
might be explained by the cool and wet conditions which 
p r e v a i l e d i n September, 
Meta segmentata appeared to moult 4 times 
a f t e r emergence from the egg during I968 and I969. 
This observation supports the f i n d i n g s of Turnbull (I962) 
w i t h Linyphia t r i a n g u l a r i s t h a t r e s t r i c t e d food supply or 
unfavourable conditions, as i n 1968, prolong rather thain 
increase the number of i n s t a r s . 
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The mean daily production of female spiders amounted 
2 
to 1.4 and 1.2mg per metre . In 1968 production was 3 times 
that of male spiders, while production i n 1969 was nearly 
6 times. Male spiders los t weight towards the end of the 
season and the mean daily estimates for this sex are based 
on the time when body weight was increasing. Breyiaeyer (1967) 
did not distinguish between the sexes i i i Trochbsa r i i r i c o l a , 
while Kajak (1967) quotes a mean value for adults. 
Total production i n mg dry weight were v i r t u a l l y 
i d e n t i c a l for the 2 years. Clearly, the method of sampling 
was not refined enough to detect a difference which, possibly, 
was small. The conversion of the data to c a l o r i f i c values 
was made possible by determining the l i k e l y biocontent of spider 
material (Tables 75 and id) . As might be expected from a 
comparison of the dry weights for the two years, production 
i n calories was similar. The most noticeable difference 
was the larger contribution i n 1969 of the juvenile stages. 
The more numerous males i n 1969 were balanced to some extent 
by the rather larger males i n 1968. In l i k e manner, the 
more numerous female spiders i n 1968 were balanced by the 
larger specimens i n 1969. Unfortunately, i t cannot be known 
to what extent these differences represent sampling errors 
or are determined by a somewhat variable sampling programme, 
or whether they r e f l e c t the true situation i n the f i e l d . 
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The mean daily production of M.segmehtata, sexes 
combined, came to about 0.33mg dry weight. This compares 
with 2.74mg for Araneus quadratus, 0.09 for A.coriiutus, and 
0.06 for Singa hamata (Kajak 1967). I t is interesting to 
note that the three species cited by Kajak are quoted i n 
order of size and production. M.segmentata would qualify 
for second place. 
Annual production (Pg) i n M.segmentata was about 
136mg during 1968 and 1969, and compares with 140mg i n 
Trochosa r u r i c o l a (Breymeyer 1967), and with 360mg i n 
Araneus quadratus(Kaj ak 1967). C a l o r i f i c equivalents have 
so far not been stated for any species of spiders. Kajak 
assumed a value of 5.82Kcal/g of body tissue. I i i M.segmentata, 
biocontent increases with stage of development, r i s i n g from 
5.205Kcal/g ash-free at instar 1 to 6.294Kcal/& i n the adult 
female. However, the assumed mean c a l o r i f i c equivalent would 
have.been a reasonable estimate since biocontent calculated 
on this basis comes to withi n a few calories of that obtained 
from-calorific y i e l d for each stage. 
When female spiders have l a i d t h e i r cocoons, they show a 
marked diminution i n weight. The mean dry weight of these spent 
females was 5.0mg. Thus the increase i n weight during so-called 
growth i s due largely to the formation of reproductive tissue 
which constitutes as much as 60% by weight of ' f u l l term' 
females. 
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Females make the largest contribution to t o t a l 
production i n terms of dry weight and calories. Gravid 
female spiders exceed the weight of adult males and, with 
t h e i r eggs, have a higher c a l o r i f i c value, and are also 
more numerous i n the f i e l d . 
Table 72. Meta segmentata, growth and rate of production (Pg) 
per m during 1968 
production mg 
days mean dry aw mean dry wt 
wt mg at density daily •^ 1 -
Juveniles 
0 0.1051 
14 0.2030 0.0069 13.48 0.0930 •1.3020 
22 0.4962 0.0133 29.32 0.3899 8.5778 
6 0.3353 -0.0268 22.18 -0.5944 -3.5664 
38 0.8128 0.0125 17.20 0.2150 8.1700 
Females 
25 1.8231 0.0404 12.64 0.5106 12.7650 
6 2.5000 0.1128 10.93 1.2329 7.3974 
14 5.1017 0.1858 11.52 2.1404 29.9656 
6 6.2374 0.1892 7.00 1.3244 7.9464 
12 8.6560 0.2015 8.00 1.6120 19.3440 
14 12.1500 0.2495 7.68 1.9161 26.8254 
Males 
25 2.7610 0.0779 5.21 0.4058 10.1450 
6 4.4372 0.2793 3.00 0.8379 5.0274 
14 4.7811 0.2245 4.80 0.1176 1.6464 
6 6.7549 0.3289 3.51 1.1544 6.9264 
12 5.6955 -0.0882 5.00 -0.4410 -5.2920 
14 5.2040 -0.0351 2.09 -0.0733 -1.0262 
Total 136.1542 
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Table 73. Meta segmentata, growth and rate of production (Pg) 
per m during 1969 
production mg 
days mean dry &\f mean dry wt 
wt mg At density daily 
Juveniles 
0 0.1143 
20 0.5379 0.0211 • 15.41 0.3251 6.5020 
7 0.9301 0.0560 24.83 1.3904 9.7328 
14 1.2756 0.0247 19.00 0.4693 6.5702 
Females 
18 1.5060 0.0128 19.00 0.2432 4.3776 
9 2.2604 0.0838 13.60 1.1397 10.2573 
20 3.0892 0.0414 8.32 0.3444 6.8880 
23 4.7951 0.0742 9.50^ 0.7079 16.2127 
17 7.6161 0.1660 6.32 1.0491 17.8347 
12 14.6771 0.5884 6.00 3.5304 42.3648 
Males 
18 2.1885 0.0502 7.80 0.3916 7.0488 
9 2.3212 0.0147 8.09 0.1189 1.0701 
20 3.2055 0.0441 6.32 0.2787 5.5740 
23 5.4800 0.0991 4.11 0.4073 9.3679 
17 5.0502 -0.0256 5.52 -0.1413 -2.4021 
12 4.1230 -0.0843 3.56 -0.2967 -3.5604 
Total 137.8344 
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Table 74. 
Juveniles 
females 
males 
Meta segmentata, contribution of developmental 
stages of.survivors to production during 
1968 and 1969 
2 
0 
1969 
mean daily 
PRODUCTION (Pg) mg dry wt per m 
1968 
mean daily 
0.0345 
1.4561 
0.5003 
Total 
14.4834 
104.2438 
17.4270 
0.7283 
1.1686 
0.1895 
t o t a l 
22.8050 
97.9311 
17.0983 
Total 136.1542 Total 137.8344 
PRODUCTION (Pg) i n calories per m 
1968 
mean daily Total 
1969 
mean daily t o t a l 
Juveniles 
females 
males 
0.1960 77.2630 
8.4990 608.6806 
3.5041 98.0374 
3.9309 122.4480 
8.3276 587.4381 
1.6607 96.2575 
Total 783.9810 Total 806.1436 
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2 
Table 75''. ' Meta segmeiitata, production (Pg) i n calories/m 
1968 
Kcals/g dry wt production (cals) 
\ ash free daily ^ 
Juveniles 
0 
14 5.205 0.4840 6.7760 
22 5.205 2.0294 44.6468 
6 5.205 -3.0938 -18.5628 
38 5.435 1.1685 44.4030 
Females 
25 5.512 2.8144 70.3600 
6 5.512 6.7957 37.4578 
14 5.560 11.9006 166.6084 
6 5.495 7.2775 43.6650 
12 6.294 10.1459 121.7508 
14 6.294 12.0599 168.8386 
Males 
25 5.512 2.2368 55.9200 
6 5.512 4.6185 27.7110 
14 5.630 0.6621 9.2694 
6 5.630 6.4993 38.9958 
12 5.359 -2.3633 -28.3596 
14 5.359 -0.3928 -5.4992 
Total 783.9810 
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2 Table 76. Meta segmentata, production (Pg) i n calories/m , 
1969 
Keal/g dry wt 
ash free 
production (cals) 
daily t ^ - t^^ 
Juveniles 
0 
. 20 5.205 1.6921 33.8420 
7 5.435 • 7.5500 52.8976 
14 5.435 2.5506 35.7084 
Females 
18 * 5.512 1.3405 24.1290 
9 5.560 6.3367 57.0303 
20 5.560 1.9148 38.2960 
23 5.495 3.8734 89.0882 
17 6.294 6.6030 112.2510 
12 6.294 22.2203 266.6436 
Males 
18 5.512 2.1584 38.8512 
9 5.512 0.6553 5.8977 
20 5.512 1.5361 30.7220 
23 5.630 2.2930 52.7390 
17 5.359 -0.7572 -12.8724 
12 5.359 -1.5900 -19.0800 
Total 806.1436 
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(2) Mortality f r a c t i o n (E) 
(a) Egg mortality 
The number of eggs l a i d by each female spider was 
estimated from the r e l a t i o n between body weight and dry weight 
of eggs , (Chapter loC*-)). Since the individual dry weight 
was known, mean numbers per female could be calculated. 
2 
The number of females per metre on the last sampling date, 
mult i p l i e d by the mean number of eggs per female, provided 
2 
the estimated number of eggs l a i d per metre . 
I t was necessary to assess the proportion of cocoons 
which actually,produced young. Since they are l e f t unguarded 
by the parent female, they may be eaten by other animals. 
Even under f i e l d condition eggs did not always hatch, while a 
fungus (Moniliales) sometimes attacked them. 
During 1967 and 1968, 20 cocoons were found i n , or 
adjacent to, the study area and the places marked for future 
reference. I n the spring of 1968 spiders emerged from 13 
of the cocoons and i n the same period i n 1968, 15 produced 
spiders. The actual number of emergent spiders i n the study 
area could then be calculated from the number of eggs l a i d , 
m u l t i p l i e d by the proportion which was l i k e l y to hatch. 
Since the number of spiders at instar 1 i n the area 
was known from the sampling data, the number of individuals 
dying or emigrating could be estimated (Table 77). However, 
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as i t was not known how long the eliminated individuals remained 
i n the study area before they died, t h e i r contribution to 
production could not be calculated precisely. I t i s l i k e l y 
that a number of cocoons were constructed outside the study 
area, and of those spiders which emerged from the s i t e , the 
majority must have moved away almost immediately. At no time 
were numbfers of instar 1 seen or caught which were comparable 
wit h the large estimates of numbers hatching. 
An appreciable f r a c t i o n of eggs or emergent spiders 
f a i l e d ' to colonise the study s i t e because eggs aborted or the 
young dispersed elsewhere. An approximate estimate of biomass 
' l o s t ' was obtained by assimiing that the individual weight of 
the f r a c t i o n was the same as that of a freshly l a i d egg, i.e. 
0.1257mg dry wt. 
The dry weights and c a l o r i f i c equivalents (from Chapter 4- ) 
of t h i s f r a c t i o n which was not realised, i s given i n Table 78. 
2 
I n 1968, 303 calories/metre were produced i n the form of eggs 
by the previous generation. Since there was a maximum of 
2 
29 spiders (from 29 eggs and equivalent to 23 cals/metre ) 
at instar 1, 280 calories or about 92% were ' l o s t ' . During 
the spring of 1969, of the egg material l e f t by the generation 
i n the previous year, only 19 calories survived (equivalent 
2 
to 24 spiders per metre from census) to s t a r t o f f the 
population i n the study area. 
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(b) Production (Pg) of m o r t a l i t y f r a c t i o n (E) 
The i n d i v i d u a l s eliminated (V^) during each time 
p e r i o d (t^ ~ ^j) were ca l c u l a t e d from the d i f f e r e n c e i n numbers 
between two consecutive censuses : 
^6 = \ i - \ 2 
I t was assumed t h a t these i n d i v i d u a l s had the same 
AW growth r a t e ( — ) as the survivors i n a given time period. A t 
I t was also assumed t h a t the average m o r t a l i t y f r a c t i o n survived 
to the middle of the time p e r i o d , i . e . s u r v i v a l time was 
^2 ~ ^ i ^ ^ ^^^^^ ' 
Hence, the production of the m o r t a l i t y f r a c t i o n f o r 
each time p e r i o d was estimated from : 
Although the number of spiders on the f i r s t sampling 
occasion was lower than on the second during the two years 
(recruitment through hatching was s t i l l i n progress), i t was 
assumed t h a t h a l f the spiders present i n i t i a l l y were eliminated 
before the second census. 
2 
Production i n mg dry wt/metre was converted t o 
c a l o r i f i c equivalents using the data i n Chapter 4- • 
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Results • 
Tables 78-and 79 give the c o n t r i b u t i o n of the 
m o r t a l i t y f r a G t i o n to population production. I n 1968 and 1969, 
only 5%' and 10%, r e s p e c t i v e l y , of t o t a l production could be 
a t t r i b u t e d t o m o r t a l i t y . These low values r e s u l t from a 
m o r t a l i t y ' w h i c h i s highest a t the egg and j u v e n i l e stages 
when dry weights are low. Table 80 i s a summary of the data. 
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Table 78. Meta segmentata. c o n t r i b u t i o n of m o r t a l i t y f r a c t i o n (Pm) 
2 
to population production (Pg) per metre , 1968 
AW A^ J 
A t 
Juveniles 
T _ 1 t - - t . production 
mg cals 
0.0069 - 1 . 1 
0.0133 6.74 11 0.9861 5.1326 
-0.0268 7.14 3 -0.5740 -2.9877 
0.0125 4.98 19 1.1828 6.4285 
Females 
0.0404 - 12 -
0.1128 1.71 3 0.5787 3.1898 
0.1858 - 7 -
0.1892 4.52 3 2.5655 14.0974 
0.2015 - 6 -
0.2495 0.32 7 0.5589 3.5178 
Males 
0.0779 1 12 -
0.2793 2.21 3 1.8517 10.2066 
0.2245 - 7 -
0.3289 1.31 3 1.2926 7.2773 
-0.0882 - 6 -
-0.0351 2.91 7 -0.7150 -3.8317 
Tot a l 7.7273 43.0306 
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Table 79. Meta segmentata, c o n t r i b u t i o n of m o r t a l i t y f r a c t i o n (E) 
2 
to population production (Pg) per metre , 1969 
A t 
Juveniles 
0.0211 
0.0560 
0.0247 
Females 
0.0128 
0.0838 
0.0414 
0.0742 
0.1660 
0.5884 
Males 
0.0502 
0.0147 
0.0441 
0.0991 
-0.0256 
-0.0843 
7.70 
7.70 
5.83 
5.40 
5.28 
3.18 
0.32 
1.77 
2.21 
1.96 
10 
3 
7 
9 
4 
10 
11 
8 
6 
9 
4 
10 
11 
8 
6 
production 
mg cals 
1.6247 
1.2936 
1.0080 
8.4566 
7.0307 
5.4785 
1.8101 10.0641 
2.1859 12.1536 
4.3230 26.5796 
1.1297 7.1103 
0.7806 4.3027 
2.4091 17.8659 
-0.9914 -5.3129 
Tota l 15.4733 93.7291 
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Table 80. Meta segmentata, t o t a l c o n t r i b u t i o n of m o r t a l i t y 
f r a c t i o n (E) t o production (Pg) 1968 and 1969 
r 
production (Pm) mg dry wt per metre^ 
1968 1969 
d a i l y mean To t a l d a i l y mean Tota l 
Juveniles 0.0345 1.5949 0.7283 3.9263 
Females 1.4561 3.7031 1.1686 9.3487 
Males 0.5003 2.4293 0.1895 2.1983 
To t a l 7.7273 Tota l 15.4733 
production (Pm) i n cals per metre'' 
Juveniles 
Females 
Males 
1968 
d a i l y mean To t a l 
0.1960 8.5734 
8.4990 20.8050 
3.5041 13.6522 
1969 
d a i l y mean Tot a l 
3.9309 20.9658 
8.3276 55.9076 
1.6607 16.8557 
T o t a l 43.0306 Total 93.7291 
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(3) Exuvia (ML) 
The approximate d u r a t i o n of i n s t a r s was obtained 
g r a p h i c a l l y by p l o t t i n g mean dry weight of each i n s t a r against 
the time at which the c o l l e c t i o n s and weighings were made. 
The d i s c r e t e number of i n d i v i d u a l s (V ) passing 
s 
from one stage t o another i n the population were those found 
at the end of the d u r a t i o n of one i n s t a r and at the beginning 
of the next i n s t a r . 
2 
I t was assumed t h a t mean numbers per metre on dates 
of sampling nearest t o , or w i t h i n , the d u r a t i o n of two 
consecutive i n s t a r s underwent ecdysis. Hence, the number 
moulting was found from 
2 ^ 
As w i t h R . l i v i d u s , a number of spiders which were 
caught i n the f i e l d had been allowed t o develop i n the laboratory. 
Food i n the form of ^pJ^ii^e.-^ : ~ p. was a v a i l a b l e . Cast 
skins were weighed and r e l a t e d to the weights of spiders and 
hence to the number of i n s t a r . 
The mean dry weights of exuvia f o r each i n s t a r was 
2 
m u l t i p l i e d by the estimated number of spiders per metre 
which had moulted. T o t a l production i s the sum of ex u v i a l 
production of a l l i n s t a r s . The l i k e l y c a l o r i f i c value 
2 
i s 4.071Kcal/g ash fr e e and production i n mg per metre i s 
expressed i n c a l o r i f i c equivalents (Table 13). 
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Results and discussion 
Estimates f o r the two years amounted t o 12 and 13mg 
dry wt of exuviae which were equivalent t o 50 and 55 c a l o r i e s 
2 
per metre (Table 81). They represent 6% of t o t a l production, 
These f i g u r e s are conservative since i t was not 
assumed t h a t a l l spiders at the beginning of the next i n s t a r 
had, i n f a c t , moulted. The dur a t i o n of i n s t a r s was an 
approximation, w h i l e the dates of sampling from which d i s c r e t e 
i n d i v i d u a l s (V ) were derived were selected as those being s 
the nearest to the end, or beginning, of each i n s t a r . 
An a l t e r n a t i v e method f o r est i m a t i n g nvraibers 
moulting would have been to p l o t density of spiders against 
time of each census, and hence, read o f f the numbers of spiders 
which correspond t o the completion date of an i n s t a r . 
I n a s i t u a t i o n where density i s d e c l i n i n g r a p i d l y , such 
a procedure i s e s s e n t i a l . When there i s a very gradual 
d e c l i n e i n density,as i n M.segmentata, the number found 
at a p a r t i c u l a r census agrees very c l o s e l y w i t h those 
obtained g r a p h i c a l l y . 
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(k) Suinmeiry 
P r o d u c t i o n t h r o u g h growth (Pg) o f s u r v i v o r s and 
th e m o r t a l i t y f r a c t i o n (Em), and i n c l u d i n g exuviae, has 
been d e s c r i b e d . As w i t h R . l i v i d u s . e x c r e t i o n was not 
i n v e s t i g a t e d . 
Table 82 summarises the data f o r p r o d u c t i o n . 
The f i g u r e s f o r I968 and I969 came t o 0.877 and 0.955Kcals 
2 
p e r metre , r e s p e c t i v e l y . The c o n t r i b u t i o n from exuviae 
( m o u l t e d s k i n s ) amounted t o o n l y 6% o f t o t a l p r o d u c t i o n 
and t h a t t h r o u g h m o r t a l i t y d i d n o t exceed 10?^. 
The low m o r t a l i t y f i g u r e may have been the r e s u l t 
o f s e v e r a l f a c t o r s . Egg m o r t a l i t y was h i g h and the m a j o r i t y 
o f emergent s p i d e r s e i t h e r hatched o u t s i d e the study area or 
moved away v e r y s h o r t l y a f t e r w a r d s . The method o f sampling 
may have p l a y e d a p a r t . That i s , as the s p i d e r s i n c r e a s e d 
i n s i z e t h e y were more conspicuous sind so were sampled w i t h 
g r e a t e r p r e c i s i o n . The p o s s i b i l i t y , t o o , e x i s t s t h a t 
t h e r e may have been some movement i n t o t h e area. However, 
from g e n e r a l o b s e r v a t i o n s over t h e t h r e e years o f stu d y , 
any i m m i g r a t i o n , i f i t o c c u r r e d , was. s l i g h t . 
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Table 82. Meta sefflnentata, components o f p r o d u c t i o n (P) 
i n c a l o r i e s p er m^. (Pg = growth o f s u r v i v o r s ; 
E = growth o f m o r t a l i t y f r a c t i o n ; ML = p r o d u c t i o n 
from moulted s k i n s ) 
l?68 Pg E ML T o t a l 
J u v e n i l e s 
Females 
Males 
77.26 
608.68 
98.0^ 
8.57 
20.80 
13.65 
16.45 
16.82 
16.82 
102.28 
646.30 
128.51 
T o t a l 783.98 43.02 50.09 877.09 
1^6^ 
J u v e n i l e s 
Females 
Males 
122. H 
587.^^ 
96.26 
20.96 
55.90 
16.85 
17.97 
18.38 
18.38 
161.37 
661.72 
131.49 
T o t a l 806.14 93.71 54.73 954.58 
(5) P o p u l a t i o n maintenance metabolism 
( a ) Method and R e s u l t s 
The method o f c a l c u l a t i n g f i e l d metabolism i n 
M.segmentata was b a s i c a l l y the same as t h a t f o r R . l i v i d u s . 
Rates o f r e s p i r a t i o n (vil O^/mg l i v e w t / h r ) under 
l a b o r a t o r y c o n d i t i o n s were a d j u s t e d t o f i e l d temperatures 
by a p p l y i n g t h e a p p r o p r i a t e r e g r e s s i o n e q u a t i o n s (Table 83). 
A l t h o u g h i t was convenient t o r e c o r d m e t a b o l i c r a t e 
f o r each i n s t a r i n R . l i v i d u s , t h e r e was no obvious r e l a t i o n 
between i n s t a r and r a t e i n M.segmentata. I f t h e r e a r e , i n 
f a c t , 5 developmental stages i n the l a t t e r s p e c i e s , e x c l u d i n g 
t h e egg st a g e , m e t a b o l i c r a t e s were n o t c o n s i s t e n t f o r each 
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i n s t a r (Chapter i'te)). Oxygen consumption c o u l d be r e l a t e d 
t o a g i v e n range o f l i v e body w e i g h t : s p i d e r s which had a 
mean weig h t o f l e s s thein 2mg; i n d i v i d u a l s o f between 2 and 
12mg; s u b - a d u l t females and males between 13 and l8mg and 
between 11 and l^mg, r e s p e c t i v e l y ; and a d u l t s p i d e r s . 
Since s p i d e r s were c o l l e c t e d a t known t i m e s , 
and r e s p i r o m e t r y was undertaken w i t h i n a few hours o f c a p t u r e , 
i t was a l s o p o s s i b l e t o r e l a t e m e t a b o l i c r a t e t o t h e p e r i o d 
between each census. When the a p p r o p r i a t e d a i l y r a t e s 
( p e r mg l i v e w e i g h t ) were m u l t i p l i e d by t h e e q u i v a l e n t number 
o f c a l o r i e s expended p e r l i t r e o f oxygen, the maintenance 
metabolism f o r each time p e r i o d c o u l d be e s t i m a t e d (Table 84 
and 85). • Data on t o t a l metabolism per m e t r e ^ f o r the whole 
p o p u l a t i o n w f i ^ t h e n compiled from the mean s t a n d i n g crop f o r 
each time p e r i o d (Table 86 and 87). 
( b ) D i s c u s s i o n 
J u v e n i l e stages and s u b - a d u l t s expended, per u n i t 
w e i g h t and t i m e , the most c a l o r i e s , l o s i n g over 2 or 3 times 
the amount expended by o t h e r i n d i v i d u a l s . However, i n terms 
2 
o f maintenance metabolism per m , the l a r g e i n c r e a s e i n 
w e i g h t t h r o u g h growth and egg p r o d u c t i o n ensures t h a t the 
l a r g e s t , c o n t r i b u t i o n comes from female s p i d e r s . Decline 
i n numbers t h r o u g h m o r t a l i t y i s o f f s e t by v e r y l a r g e 
i n c r e a s e s i n biomass. 
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The mean c a l o r i f i c l o s s p er day f o r j u v e n i l e s , 
female and male s p i d e r s was s l i g h t l y h i g h e r i n 1969 than 
1968 (Tablesstf^^, IVhen the mean numbers o f c a l o r i e s l o s t 
p e r day per metr e ^ by each component o f the p o p u l a t i o n are 
compared, the r a t e s f o r j u v e n i l e s d u r i n g I969 was about 
t w i c e t h a t f o r I968. The d i f f e r e n c e s between means f o r 
femal e s , males eind the p o p u l a t i o n as a whole, were s m a l l 
b u t were c o n s i s t e n t l y h i g h e r i n I969. 
I t i s n o t p o s s i b l e t o say whether such s m a l l 
d i f f e r e n c e s are s i g n i f i c a n t . The time the s p i d e r s are 
i n t h e f i e l d and the p r e c i s i o n o f e s t i m a t e s o f s t a n d i n g 
c r o p w i l l i n f l u e n c e e s t i m a t e s o f m e t a b o l i c r a t e o f 
p o p u l a t i o n s . However, the s l i g h t l y h i g h e r f i e l d temperatures 
i n 1969 c o u l d account f o r the h i g h e r r a t e s recorded f o r t h a t 
y e a r . 
The t o t a l e s t i m a t e s f o r I968 and I969 were 1,01 
2 
and 1.42Kcal/metre , On the asstunption t h a t the r a t i o 
o f sexes was u n i t y a t t h e j u v e n i l e stage, and t h a t t h e r e 
was no d i f f e r e n c e i n m e t a b o l i c r a t e d u r i n g t h a t p e r i o d , 
t h e c o n t r i b u t i o n o f female s p i d e r s f o r the two years 
amounted t o 47% and 52?^ o f the t o t a l p o p u l a t i o n metabolism, 
r e s p e c t i v e l y . 
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Table 83, Meta segmentata, r e g r e s s i o n e q u a t i o n s f o r mean 
r a t e o f r e s p i r a t i o n ( | i l O^/mg l i v e w t / h r ) on 
temperature (X) 
mg l i v e body wt r e g r e s s i o n s 
2 -0,1562 + 0.079X 
2 - 1 2 0.0323 + O.O26X 
s u b - a d u l t 
13 - 189 
-0.0308 + O.O5OX: 
11 - I3& 
a d u l t 
189 -0.0096 + o.oiSx; 
11, - l6cf' -0.0041 + 0.020X 
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Table 84, Meta segmentata, e s t i m a t e s o f mean r e s p i r a t o r y 
r a t e s a d j u s t e d t o f i e l d t e mperatures, 1968 
date ^2'\ 
F i e l d 
temp. 
V.1 O^/mg 
l i v e / h r 
111 O^mg 
l i v e / d a y 
e q u i v a l e n t 
csils/mg/day 
J u v e n i l e s 
13 May 14 7.8 0.4600 11.0400 0.053 
4 June 22 12,0 0.7918 19.0032 0.091 
10 June 6 12.3 0.8153 19.5720 0.094 
18 J u l y 38 13.0 0.8708 20.8992 0.100 
Females 
12 Aug 23 13.0' 0,3705 8.8920 0.043 
18 Aug 6 13.5 0.3833 9.2040 0.044 
1 Sept 14 13.2 0,7480 17.9520 0.086 
7 Sept 6 13.2 0,748o 17.9520 0.086 
19 Sept 12 13.4 0,2316 5.5584 0.027 
3 Oct 14 12,8 0,2208 5.2993 0.025 
Males 
12 Aug 25 13.0 0.3705 8.8920 0.043 
18 Aug 6 13.5 0.3835 9.2040 0.044 
1 Sept 14 13.2 0.7480 17.9520 0.086 
7 Sept 6 13.2 0.7480 17.9520 0.086 
19 Sept 12 13.4 0.2639 6.3336 0.030 
3 Oct 14 12,4 0.2519 6.0456 0.029 
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Table 85. Meta segmentata, estimates of mean r e s p i r a t o r y r a t e s 
adjusted to f i e l d temperatures, 1969 
date 
J u v e n i l e s 
' 2 - ' l 
Me a i l 
temp, 
•C 
V.1 O^/mg 
l i v e / h r 
)il O^ /mg 
l i v e / d a y 
equiveilent 
cals/mg/day 
29 May 20 10.2 0.6496 15.5904 0.075 4 June 7 10.1 0.6417 15.4008 0.074 
18 June 14 13.4 0,9024 21,6576 0.104 
Females 
16 J u l y 18 13.9 0.9419 22.6056 0.108 
15 J u l y 9 15.0 0.4225 10.1400 0.049 
4 Aug 20 14.9 0.4199 10.0776 0.048 
27~^Aug 23 15.5 0.8837 21.2088 0.102 
13 Sept 17 14.0 0.2424 5.8176 0.028 
25 Sept 12 13.8 0.2388 5.7312 0.027 
Males 
6 J u l y 18 13.9 0.9419 22.6056 0.108 
15 J u l y 9 15.0 0.4225 10.1400 0.049 
4 Aug 20 14.9 0.4199 10.0776 0.048 
27 Aug 23 15.5 0.8837 21.2088 0.102 
13 Sept 17 14.0 0.2759 6.6216 0.032 
25 Sept 12 13.8 0,2719 6.5256 0.031 
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Table 86. Mej;a segmentata. estimates of population 
maintenance metabolism, I968 
mean l i v e 
biomass mg 
maintenance metabolism 
cals/m /day cals/m /period 
J u v e n i l e s 
0 
14 
22 
6 
38 
6.25 
39.45 
50.01 
53.66 
0.35 
3.60 
4.70 
5.38 
4.83 
79.14 
28.20 
204.50 
Females 
25 
6 
14 
6 
12 
14 
53.14 
78.89 
140.08 
165.91 
176.77 
243.82 
2.27 
3.^9 
12.07 
14.30 
4.69 
6.19 
56.72 
20.92 
169.05 
85.81 
56.32 
86.70 
Males 
25 
6 
14 
6 
12 
14 
39.77 
44.47 
60.17 
77.13 
86.82 
64.47 
1.70 
1.96 
5.19 
6.65 
2.64 
1.87 
42.57 
11.79 
72.61 
39.89 
31.67 
26.18 
Tota l 1016.90 
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Table 87. Meta segmentata, -estimates of population 
maintenance metabolism, I969 
mean l i v e 
t 2 , - t ^ biomass mg 
maintenance metabolism 
cals/m /day cals/m /period 
J u v e n i l e s 
0 
20 
7 
1^ 
1 8 . 7 0 
7 0 . 0 8 
1 0 5 . 0 0 
1 .^0 
5 . 1 8 
1 0 . 9 1 
2 7 . 9 6 
3 6 . 2 5 
1 5 2 . 7 ^ 
Females 
18 
• 9 
20 
23 
17 
12 
9 0 . 3 0 
1 2 6 . 9 ^ 
1 0 6 . 1 ^ 
1 1 6 . 5 6 
148 . 7 0 
2 0 3 . 0 0 
9 . 8 0 
6 . 1 8 
5.14 
1 1 . 8 7 
4 . 1 5 
5 . 5 8 
1 7 6 . 3 5 
55.64 
1 0 2 . 7 4 
2 7 3 . 9 2 
7 0 . 5 3 
6 6 . 9 9 
Males 
18 
9 
20 
23 
17 
12 
6 2 . 2 2 
7 4 . 0 2 
72.41 
7 0 . 9 3 
8 1 . 8 7 
6 7 . 0 7 
6 . 7 5 
3 . 6 0 
3 . 3 0 
7 . 2 2 
2 . 6 0 
2 . 1 0 
1 2 1 . 5 2 
3 2 . 4 4 
7 0 . 0 9 
1 6 6 . 0 6 
4 4 . 2 6 
2 5 . 1 9 
Total 1421 . 7 0 
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( 6 ) Energy flow i n M.segmentata 
Population a s s i m i l a t i o n (A), or energy flow, 
i s t h a t part of energy from food which i s u t i l i z e d by 
the population to maintain i t s e l f (R) and to increase 
i t s biomass ( P ) , Hence, 
A = R + P 
Production (Pg) was estimated from mean growth 
increments of i n d i v i d u a l s caught on successive sampling 
occas i o n s . Information on biocontent allowed dry weight 
v a l u e s to be converted to c a l o r i f i c e q u i valents. 
Maintenance metabolism (R) was represented by 
r e s p i r a t o r y energy l o s s of the mean standing crop between 
consecutive sampling dates. A s s i m i l a t i o n cannot be 
measured d i r e c t l y , hence i t s expression as the sum of 
R + P. 
Since energy l o s s through ex«Rtion was not 
measured, P i s incomplete. 
From information on duration of i n s t a r s , i t was 
p o s s i b l e to a l l o c a t e c ontributions of j u v e n i l e s , females 
and mailes to s p e c i f i c i n s t a r s . 
Meain net production e f f i c i e n c i e s for each stage 
was c a l c u l a t e d from the r a t i o of production to a s s i m i l a t i o n . 
T h i s i n d i c a t e s the proportion of t o t a l energy which i s 
d i r e c t e d to t i s s u e formation. 
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As 'an index of e f f i c i e n c y of biomass production', 
P divided by mean biomass (B) giveSB production tumover{Hj, 
(Petrusewicz smd Macfadyen 1970), i . e . 
H = ^ 
P B 
R e s u l t s 
Tables 88 and 89 present the data on energy flow 
o 
during I968 and I969. T o t a l population a s s i m i l a t i o n (A) 
came to I.89 and 2 , 3 8 K c a l/metre /year, r e s p e c t i v e l y . 
An i n t e r e s t i n g f e ature, which may be c o i n c i d e n t a l , 
concerns the r e l a t i v e l y constant proportion of energy l o s t 
through r e s p i r a t i o n bytboth sexes. I n both years, at 
i n s t a r 3» females l o s t between 08 and 60% of the toteil 
f o r t h i s stage. At i n s t a r 4, the values sire between 619^ 
and 69%, and f o r a d u l t s , between 67?^ and 71?^. The 
explamation i s not known. 
The f i r s t 2 i n s t a r s which had hatched at an e a r l i e r 
date i n I968, ernd so were a c t i v e i n the study area for a 
longer time, had a higher maintenance (R) cost than i n 1969. 
However, production by the same stages during I969 was 
gr e a t e r and would account for the shorter developmental 
time. 
I n both y e a r s , a s s i m i l a t i o n was at i t s maximum 
during the sub-adult stage vihen l o s s of energy through 
r e s p i r a t i o n , p r i o r to the f i n a l moult, was high. The 
c o n t r i b u t i o n by t h i s stage amounted to over a t h i r d of 
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t o t a l energy flow. 
Mean net production e f f i c i e n c i e s for i n s t a r s 
f l u c t u a t e d between 2k% and 6k%, However, P/A r a t i o s 
f o r the e n t i r e populations i n both years were about the 
same. They are very c l o s e to the value of kj>% obtained 
by Manga (1970) f or a carabid beetle and to the kO% figure 
f o r Robertus l i v i d u s . The r a t i o f o r i n s t a r 3 i n 1968 
was high, at about 62%, as i f making up f o r the low 
e f f i c i e n c i e s i n the preceding i n s t a r s . 
Mean standing crop f or the two yeaxs came to 
203 and 28lKcals/metre /year. The turnover of biomass 
f o r 1968 Eind 1969 was ^.3 and 3»^» r e s p e c t i v e l y . These 
values compare with 2.^5 obtained by Breymeyer (196?) 
fo r Trochosa r u r i c o l a . 
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CHAPTER TlffiLVE 
ENERGY FLOW IN TWO SPECIES OF SPIDERS 
Rob^rtus l i v i d u s ( T h e r i d i i d a e ) and Meta segmentata 
(Argiopidae) are polyphagous c a r n i v o r e s which r e l y on the 
chance capture of prey by webs. The former sp e c i e s spins 
i t s hammock web on the surface l i t t e r while the l a t t e r 
c o n s t r u c t s orbwebs i n the f o l i a g e above. 
A l l stages of R«lividus are found i n the l i t t e r 
throughout the year and a l l pass through at l e a s t part of 
the w i n t e r . On the other hand, M.segmentata overwinter ' 
as eggs which hatch i n A p r i l or May, while o v i p o s i t i o n 
takes p l a c e i n the following autumn, 
R . l i v i d u s reproduces throughout the year ivith a 
considerable overlap of generations. The argiopod species 
has a w e l l defined cohort with a p r e c i s e developmental period. 
Despite points of d i f f e r e n c e between the two species 
i n s i z e , d i s t r i b u t i o n and ecology, a d i r e c t comparison i s 
made p o s s i b l e by using the c a l o r i e . D e t a i l s of t h e i r 
r e s p e c t i v e energy budgets and t h e i r c ontributions to t o t a l 
energy flow w i t h i n the ecosystem, are given i n Table 90, 
( a ) Comparison of population energy budgets 
The mean standing crops of both species were s i m i l a r . 
However, t o t a l energy flow for the t h e r i d i i d s pecies amounted 
to k,39Kca.ls/m^/^^^^ which was about twice that for 
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M,segmentata. Turnover of biomass was 8 . 3 i n R . l i v i d u s 
compared with about k i n M.segmentata. 
The estimated growth component of production, P, 
was 709^ i n R . l i v i d u s and between 85% and 90% i n the argiopid 
s p e c i e s . I n the former spe c i e s about a t h i r d of production (P) 
came from the m o r t a l i t y f r a c t i o n , compared with a tenth or 
l e s s i n M.se/^mentata. 
Moult l o s s (ML) i n both spe c i e s came to 6% of 
t o t a l production. 
C a l o r i e s l o s t through r e s p i r a t i o n , expressed as 
a r a t i o of production (R/P) was 1 . 5 i n R . l i v i d u s and 1 . 2 
and 1 , 5 i n M.segmentata. The P/R r a t i o s ranged between 
675^ and 85%. 
(b) Reproductive p o t e n t i a l 
A s u b s t a n t i a l amount of web i s used i n the 
co n s t r u c t i o n of cocoons. With a r e l a t i v e l y small number 
of eggs (mean 2 0 ) per cocoon as i n R . l i v i d u s , j u s t over ^/^ 
of biocontent i s i n the s i l k , compared with out ^/^ i n 
M.segmentata. 
Egg production per metre^ was very much higher i n 
the a r g i o p i d s p e c i e s , amounting to 27% and 33% of t o t a l 
production ( P ) . I n R , l i v i d u s , the corresponding figure 
was only 6%, The d i f f e r e n c e may be an adaptation to a 
p a r t i c u l a r mode of l i f e . I n M.segmentata, eggs are l e f t 
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Table 9 0 , Population energy budgets f o r 2 species of 
sp i d e r s (Kcals/m^annum) 
Eggs 
Cocoons 
G 
e: 
R . l i v i d u s M, segmentata 
1967 - 68 1968 1969 
0 , 1 1 3 0 , 2 9 0 0 , 2 6 7 
0 , 3 0 9 0 , 0 5 7 0,045 
0 . 6 0 5 0 . 4 3 7 0 , 4 9 4 
0 , 7 1 1 0 . 0 4 3 0 , 0 9 3 
0 , 1 1 5 0 . 0 5 0 0 . 0 5 5 
1 . 8 5 3 0 . 8 7 7 0 . 9 5 4 
2,742 1 , 0 1 7 1.423 
4 , 5 9 5 1 , 8 9 4 2 . 3 7 7 
0,224 0 , 2 0 3 0 , 2 8 1 
Pr 
Pg 
ML 
P 
R 
A-
B 
unguarded for a considerable period of time, during which 
they have to pass the winter and conditions within the ha b i t a t 
may vary from year to year when hatching occurs. I n 
R . l i v i d u s , the female frequently s u r v i v e s to guard the eggs 
which, i n addition, have a f a i r l y short incubation period. 
I n M,segmentata, the c a l o r i f i c values of newly 
moulted females and spent females are about the same. 
Hence, production of adult femalea?is d i r e c t l y the r e s u l t 
of egg formation. The percentage of t h i s 'reproductive 
e f f o r t ' which s u r v i v e s i s a measure of the breeding success 
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of the population, McNeilL (1971), f o r example, found i n 
the m i r i d bug that the higher the l e v e l of production, the 
lower the reproductive s u c c e s s . 
Table 91 records the reproductive e f f i c i e n c y and 
success of M.segmentata during I968 and I 9 6 9 , Although 
production (P) was higher i n the l a t t e r year, reproductive 
e f f i c i e n c y was l e s s . Data should have to be compiled over 
s e v e r a l y e a r s before drawing firm conclusions. However, 
an i n v e r s e r e l a t i o n s h i p between reproductive success and 
production would reduce the f l u c t u a t i o n i n production from 
year to year. 
The reproductive m a t e r i a l that i s a c t u a l l y r e a l i z e d 
must E i l s o be considered, i . e . those eggs which a c t u a l l y hatch 
to produce i n d i v i d u a l s which remain i n the area to maintain 
c o n t i n u i t y of the s p e c i e s . I n R , l i v i d u s , a t o t a l of 627 
eggs were l a i d , equivalent to 113 c a l s per metre^ per annum. 
Out of that number, 3^9 s p i d e r s were caught at i n s t a r 1, i , e . 
about 63 c a l o r i e s or 56% of the t o t a l , were used to i n i t i a t e 
new generations. I n M,segmentata ,303 and 29O c a l o r i e s were, 
l a i d per metre^ i n 1967 and I 9 6 8 , r e s p e c t i v e l y . The 
maximum numbers of i n s t s i r 1 i n subsequent populations were 
29 and 2k per metre^, equivalent to 23 and 19 egg c a l o r i e s 
and c o n s t i t u t i n g only about 7%. of the t o t a l l a i d . 
The s i g n i f i c a n c e of t h i s information on fate" of 
reproductive m a t e r i a l i s apparent when cognizance i s taken 
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not only of the ecology of the 2 s p e c i e s , but a l s o the 
behaviour of emergent s p i d e r s . I n M.segmentata, the 
newly hatched stage may pause only b r i e f l y near the 
hatching s i t e before d i s p e r s i n g over considerable distances, 
( c ) Annual net production and r e s p i r a t i o n 
The evidence from s e v e r a l s t u d i e s on the bio-
e n e r g e t i c s of s p e c i e s populations suggest that i n poikilotherms 
and homiotherms the r e l a t i o n between R and P are d i f f e r e n t 
(Engelmann I 9 6 6 ) . Furthermore, i n the former group the 
r e l a t i o n i s i n f l u e n c e d g r e a t l y by the duration of l i f e -
c y c l e s (McNeill and Lawton 1970) , The regr e s s i o n equations 
given are : 
log R = 1,17^0 l o g P +. 0.1352 
and, 
lo g P = 0.8262 l o g R - 0 . 0 9 ^ 
The r e g r e s s i o n l i n e from the f i r s t equation i s drawn 
i n F i g . ^ 8 , and a pl o t of the observed values of R and P for 
the two s p e c i e s of s p i d e r s (Table 92) show close agreement 
with those expected (Table 9 3 ) . 
I t i s debatable whether R and P are s t a t i s t i c a l l y 
independent v a r i a b l e s s i n c e estimates of R aind P are 
c a l c u l a t e d from the same biomass data. However, the 
r e g r e s s i o n equations are a u s e f u l d e s c r i p t i o n of the 
r e l a t i o n s h i p s . I n the case of R . l i v i d u s , i t was necessary 
Fig.48. Regression line (from McNeill and Lawton 
. 1970) of log. respirations on log. 
production with corresponding data 
for R.lividus and M.segmentata. 
( A R.lividus, • M.segmentata, 1968, 
o M.segmentata, 1969). 
log R = 1.1740 log P* 0.1352 
< » 
\ 8 
log P 
^10 
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to d i s t i n g u i s h between numbers (N) and d i s c r e t e i n d i v i d u a l s (Vs) 
pa s s i n g through the population. R e s p i r a t i o n (R) was c a l c u l a t e d 
on the b a s i s of N while production (Pg) was derived from Vs, 
I t would appear that t h i s procedure was appropriate since 
there i s c l o s e agreement between the observed data a J i d that 
expected from the r e g r e s s i o n equations (Table 93). 
Mean net production e f f i c i e n c y 
The r a t i o of P to A, where A = R + P, i s a 
measure of the e f f i c i e n c y with which body m a t e r i a l i n spiders 
i s l a i d down. Table 93 records the observed r a t i o s for 
R , l i v i d u s and M.segmentata with those expected from the 
r e g r e s s i o n equations. The values of both species are 
s i m i l a r , ranging between kO% and 46?^. 
Table 92, The parameters R and P for 2 species of spiders 
R log^oR P ^°^10^ 
R , l i v i d u s 1967-68 2 ,742 0,4381 1.853 0.2679 
M,segmentata 1968 1,017 0.0072 0.877 T.943O 
1969 1,423 0.1532 0.954 T.9795 
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CHAPTER THIRTEEN 
ANALYSIS OF THE SPIDER COMMUNITY I I 
Species composition, the sampling methods, 
seasonal d i s t r i b u t i o n , cind the order of dominance i n terms 
of numbers Eind biomass, have been considered. These aspects 
provide a backcloth against which the species chosen for an 
energetics study are examined. 
The second part of the analysis of the spider 
community i s concerned with i t s structure. The t o t a l 
density of spiders reveals the 'receptivity' of the 
habitat towards t h i s trophic group. Community biomass 
or standing crop indicates the amount of spider material 
which can be supported at any given time. When units of 
weight are replaced by the i r equivalents i n calories, the 
data are available for comparisons of 'standing states' 
between trophic groups within the same, or di f f e r e n t , 
ecosystems. 
(1) Density 
By far the greatest contribution to the spider 
fauna as a whole comes from the ground zone or, more 
s p e c i f i c a l l y , from l i t t e r and s o i l (Table 9^). Above 
t h i s layer, numbers f a l l sharply with increasing height 
(Fig,49) and density for the f i e l d layer and canopy combined 
never exceeds 20% of the t o t a l i n any given month. 
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Turnbull (I96O) had found greatest numbers i n the f i e l d 
layer of an oak wood, probably because the ground zone was 
inadequately sampled. 
In January and February no spiders were found i n 
the canopy layer and numbers i n the f i e l d layer had declined 
to a few overwintering individuals. At this time, however, 
there was a de f i n i t e suggestion of ein increase i n the ground 
zone, from ^93 spiders i n January, to 587 spiders i n February, 
This was sustained i n March, to be followed by a f a l l i n A p r i l , 
coinciding with an increase i n the f i e l d layer and lower canopy. 
A further increase i n the ground zone occurred i n May with 
597 spiders, which apparently generated a second wave i n 
the f i e l d layer i n June, 
I t was not u n t i l June that spiders were conspicuous 
i n the upper canopy, af t e r the f u l l development of foliage. 
At ^tham Great Woods, Oxford, a c t i v i t y was apparent i n 
mid-April i n 1933 (Turnbull I96O), and greatest numbers 
were reached i n June, 
The decline i n density above the ground zone was 
f i r s t apparent i n the upper canopy, with a drop from 17 
to 5 spiders per metre^, i n October I968, This coincuded 
with leaf f a l l and declining temperatures sind was followed 
by a diminition i n the f i e l d layer and lower canopy i n 
November. I t was also accompanied by an increase i n the 
ground zone. Gravid female spiders were descending to 
23^ 
lay t h e i r eggs, while immature stages and some adults were 
r e t i r i n g to winter quarters, and i n the ground zone the 
autumnal hatch was taking place. 
The separation of two maxima i n September and 
November by a low estimate i n October 1968 i s d i f f i c u l t 
to explain. The mean temperature of 9,k*C for November 
was well above the average, and compares with 4.7'C for 
the same month i n I967, This may have prolonged a c t i v i t y 
i n the ground zone. On the other hajid, I967 was generally 
warmer and sunnier than I968, and so possibly brought 
forward the autumnal hatch i n the former year to October, 
Spiders appear to overwinter mainly i n the ground 
zone and to a lesser extent i n the f i e l d layer. Few, i f 
any, spiders remained i n the canopy, Theridion pallens 
exhibited a marked migration from the ground zone to the 
canopy i n May, and i n the reverse direction i n September, 
Duffey (1969) recorded a massive movement of spiders dovm 
oak trees at Monkswood, Huntingdon, commencing i n September. 
Total density was quite high at Wynyard, with a 
low species d i v e r s i t y , A maximum value of 9^5 spiders 
was obtained i n October 1967, and a minimum of 502 spiders 
i n the following January, Reasonably e f f i c i e n t sampling 
of the ground zone and f i e l d layer possibly accounted for 
the generally high numbers. However, i t i s d i f f i c u l t to 
compare the data with that gained elsewhere. There have 
-1 
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been few investigations i n woodlemds and such as there 
are have been concerned with re l a t i v e estimates (e.g. 
Turnbull 196O; Luczak I 9 6 6 ) or have been restricted to 
the study of a few species (e.g. Luczak I 9 6 3 ) , or the 
forest f l o o r only has been considered (Van der D r i f t 1951; 
Luczak 1959; Gubutt 1956) when the efficiency of 
extraction was possibly low. 
Numbers fluctuate l i t t l e i n the ground zone 
when compared with those i n higher strata which have a 
marked seasonal pattern. With the exception of the lower 
canopy which i s r e a l l y an extension of the f i e l d layer, 
each stratum has i t s characteristic fauna. Although 
many species may be found at some time i n any layer, 
there i s a marked preference for a particular stratum. 
(2) Monthly Standing crop of the spider community 
(a) Procedure 
Biomass was calculated from the dry weights 
obtained after specimens were dehydrated i n a vacuum oven 
for 48 hours at 60'C. However, specimens had been stored 
i n alcohol for some time. Marples, cited i n Breymeyer ( I 9 6 7 ) , 
had found a percentage loss i n arthropods of 17% and 
Breymeyer applied an appropriate correction factor when 
determining the biomass of wandering spiders. 
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Table 9^. 
Month 
Total monthly density of spiders per metre^ 
i n the study area at Wynyard 
ground 
zone 
f i e l d lower upper Total 
layer canopy canopy (edl strata) 
1967 
October 874 63 21 7 965 November 690 44 18 7 759 December 485 12 8 4 509 
1968 
January 493 9 0 0 502 
February 587 9' 0 0 596 
March 576 23 7 5 611 A p r i l 445 40 12 7 504 
May 597 38 15 6 656 
June 541 57 23 12 633 July 586 80 21 15 702 
August 528 66 20 14 628 
September 691 85 ^ 21 17 8 l 4 
October 523 53 17 5 598 November 8 l 4 38 13 2 867 
The l i k e l y error i n the case of spiders was 
investigated by weighing a number of freshly k i l l e d and 
dried spiders. After storage i n alcohol for over a 
year, the saime specimens were re-weighed after the usual 
process of drying. The results which were obtained with 
species of Linyphiids are given i n Table 95 . 
The loss i n weight could be both substantial 
and highly variable. The tendency was for the larger forms 
to lose more weight than the smaller, although there was no 
s t a t i s t i c a l l y s i g nificant difference between them. 
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Table 95, Loss i n dry weight as a result of storage 
size group ; no, of % loss 
dry wt specimens mean range 
4mg 15 30,6 18,7-40,7 
2mg (mature) 10 26,2 16.3-43.3 
Img (mature) 12 24.3 12.1-31.0 
I t was considered s u f f i c i e n t to multiply the 
dry weights by 1,25. However, i t was clear that precise 
estimates for a single species study would have to be 
based on recently k i l l e d specimens, 
Cherrett (196I) had used the wet alcohol 
weights to provide estimates of. bioraass. By adopting a 
similar procedure to the one used v/ith dry weight estimates, 
the error i n weight loss was investigated. 
Table 96., Loss i n wet weight as a result of storage 
size group no. of specimens ^ loss 
wet weight mean range 
l4mg 10 10.2 2.1-15.6 
8rag 7 7.5 2.0-11.0 
4mg 10 3.8 3.0- 5.0 
The loss i n weight, with excess alcohol removed 
from the specimens pri o r to weighing, amounted to as much as 
15% (Table 96), Dry weight estimates can be obtained from 
these, but unless the dry/wet weight relationship i s known 
for a species or stadia, an equally large error may occur. 
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Spiders removed from s o i l samples by the 
extractor, or those caught i n the sweep net or beating tray, 
were oven dried. The factor of 1,25 was used to compensate 
dry weights for siny loss due to storage. Further appropriate 
factors, described i n the sampling programme, were used to 
2 
adjust weights to a metre , 
(b) Results 
Monthly estimates of t o t a l biomass for the 
study area (Table 97) are lowest from December to April 
2 
with values ranging from 122 to 139ing dry weight per metre . 
I t was during t h i s period that a l l strata yield r e l a t i v e l y 
low values (Fig.4 9 ) . 
From May to September, monthly standing crop 
increases from 174 to nearly 400mg per metre^. Although 
the main contribution usually comes from the ground zone, 
during August, September and October, the combined values 
of higher strata exceed those at the base. 
As with density, biomass declines from the 
ground zone towards the upper ceinopy. This spatial 
diminution, however, i s less pronounced than density. 
The factors which influence biomass are, 
f i r s t l y , abundance. This i s always high i n the ground 
zone compared with other strata, and biomass i s correspondingly 
high even though the spider community consists of spiders 
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which are generally small and have a large proportion of 
immature stages. The ground zone has the most consistent 
values because density fluctuates less than i n the upper 
regions of the study area. Spiders which disperse or die 
are constantly being replaced by hatching of eggs. 
Secondly, change i n species composition may 
lead to a change i n the quantity of spider material. 
This was evident, p a r t i c u l a r l y i n the f i e l d layer and 
lower canopy. The increase i n ratios of biomass to 
density rose sharply from about July (Table 98) when the 
young of large species formed a major part of the population 
i n the f i e l d layer. In contrast to the ground zone with 
i t s high proportion of iramatures, and to the upper canopy 
with i t s peculiar spider community, where low ratios of 
biomass to density prevailed. 
Clearly biomass has to be expressed per unit 
area and not as a r a t i o of dry weights to density, as was 
done, for example, by Cherrett (196I), Ratios r e f l e c t a 
change i n mean size of individual spiders which may not 
occur to any appreciable extent i n some areas as the ground 
zone cuid upper canopy. On the other hand, as larger species 
take longer to mature than small spiders, larger ratios are 
seen towards the end of the season. Although these ratios 
may coincide with periods of greater biomass, they are i n 
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the f i r s t instance the result of a change i n species 
composition. High rat i o s of biomass to density do 
not necessarily mean that an overall increase i n biomass 
i s taking place. In the f i e l d layer, for example, the 
highest r a t i o i s 2,75 i n October I968 with a biomass of 
l4lmg per metre^. The largest biomass was i n September 
with a r a t i o of 1,8 and a biomass of 150mg, Again, the 
highest r a t i o i n the ground zone was 0,35 i n December I967 
2 
with a biomass of 117mg per metre , The greatest biomass 
recorded, however, i n that layer was 178mg, i n September, 
with a r a t i o of 0,26, 
Biomass i n the study area was based on catches 
which were stored i n alcohol for several months before 
being weighed. Although a correction of 1,25 was applied 
to the dry weights, these may s t i l l have been under-
estimates. Furthermore, parts of the habitat were not 
adequately sampled. However, i t i s f e l t that the overall 
estimates of biomass are a reasonable approximation to 
the real s i t u a t i o n . 
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Table 97 . Total monthly standing crop (based on dry 
2 
weights (mg) per metre ) i n the study area at 
Wynyard 
ground f i e l d lower upper Total 
Month zone layer canopy canopy iall strat 
1?67 
Oct 135.3 120.7 31 .1 4.7 291.8 
Nov 118,3 33 .4 14.8 5.2 171.7 
Dec 117.4 15.1 0 .4 1.6 134.5 
1^68 
Jan 113.3 12 .3 0 0 125.6 
Feb 104.9 12 .3 0 0 117.2 
Mar 117.1 15 .5 4 .5 2 .2 139.3 
Apr 94 .3 16 ,5 8 .5 3 .2 122.5 
May 139.3 21.7 8 .6 4 .4 174.0 
June 104.5 30 .9 15 .9 5.8 157.1 
July 126.7 65 .0 29 .5 6.1 227.3 
Aug 91.5 106,8 55 .4 6.1 259.8 
Sept 178.5 150,0 56 .3 10.2 395.0 
Oct 138,2 l 4 l , 0 15 .7 2.8 297.7 
Nov 152,6 22.1 7 .6 0 .6 182.9 
Table 98 . Ratios of monthly biomass to monthly density, 
to show the influence of size of species on biomas 
Month ground f i e l d lower upper 
1?67 
zone layer canopy canopy 
Oct 0,1 1.9 1.0 0.7 
Nov 0.3 0 .7 0.8 0 .7 
Dec 0 ,3 1.2 0.4 0 .5 
1968 
Jan 0,2 1.3 0 0 
Feb 0,2 1.3 0 0 
Mar 0.2 0 .6 0 .7 0.4 
Apr 0.-2 0 .4 0 .7 0 .4 
May 0,2 0.6 0.6 0.7 
June 0.2 0 .5 0.7 0 .5 
July 0.2 0,8 1.4 0.4 
Aug 0.2 1.6 2 .8 0.4 
Sept 0 .3 1.8 2 .7 0.5 
Oct 0 .3 2 .7 0.9 0.6 
Nov 0 ,2 0.6 0.6 0 .2 
Fig.49. Density ahd biomass of a l l spiders in each 
' of four main structural layers of the 
study area. , 
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(3) Biocontent of standing crop 
The energy retained by spider material and 
expressed, as biocontent depends on stage of development, 
reproductive condition, and even the species which make 
up the community (.£ka.ftQTt 4- ). In collective estimates, 
as with biomass, the various contributing factors become 
obscured. Nonetheless, an indication of the magnitude 
of biocontent i n the community at any given time i s 
I provided. 
During I969, a miscellany of Linyphiid spiders 
was prepared for the miniature bomb calorimeter, together 
with adult specimens of Meta segmentata, Helophora insignis, 
and Linyphia tr i a n g u l a r i s (Biia-pt^tr 4 ). The mean adult 
biocontent was calculated to be 5.826Kcal per g (ash free) 
dry weight. However, the adults of those species quoted 
have the highest biocontent but were not typical of the 
ground zone. For t h i s stratum i t was considered appropriate 
to select a lower mean for adult spiders by omitting the 
larger species from the calculation. Hanee, a mean of 
5,6l5Kcal/g which was based on c a l o r i f i c values for 
Robertus l i v i d u s and various species of adult Linyphiids 
was used to convert monthly dry' weights i n the ground zone 
to t h e i r c a l o r i f i c equivalents, 
' As a difference i n biocontent exists between 
young and adult spiders, combustions were performed 
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Separately. A mean of 5.440Kcal/g dry weight of spider 
tissue was considered to be a reasonable estimate for 
immature spiders. 
The monthly biomass (mg dry weight) of young and 
adult spiders i n each stratum was multiplied by the appropriate 
c a l o r i f i c equivalents to produce corresponding estimates of 
monthly biocontent. 
(a) Ground zone 
Biocontent (Table 99) f a l l s just short of IKcal 
per metre^ i n September I968 and coincides v.dth the period 
of highest biomass. In fact, biocontent i s closely related 
to adult biomass, the tissues of mature spiders^^having a 
higher c a l o r i f i c value. The peak of biocontent i s highest 
2 
i n the autumn, usually exceeding 700 cals per metre i n any 
given month, 
Biomass was least i n A p r i l ajid August, with a 
monthly biocontent of only 533 and 506 cals per metre^. 
Adult spiders i n particular had either dispersed to other 
layers, or having achieved maturity sind oviposited, had 
2 
died, A peak of 773 cals per metre occurred'in May 
when many overwintering immatures became adult. 
The highest contribution from young stages came 
i n June and July, accounting for G0% and respectively, 
of t o t a l biomass. During t h i s period sub-adult spiders 
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were p a r t i c u l a r l y abundant. In the remaining months, 
c o n t r i b u t i o n s v a r i e d from 25% to 46% of t o t a l biomass. 
The f l u c t u a t i o n s i n biocontent over the l 4 month 
period were quite small, with the lowest value i n August 
only h a l f the maximum i n September 1968, 
(b) F i e l d l a y e r 
As expected, t o t a l biocontent was c l o s e l y r e l a t e d 
to biomass (Table 1 0 0 ) , January and February y i e l d e d 
low c a l o r i f i c values of only 71 c a l s per metre^. An 
i n c r e a s e v/hich a t f i r s t was gradual took place u n t i l 
June when i t a c c e l e r a t e d to produce a peak of 868 c a l s 
i n September. The peak i s madntained at about the same 
l e v e l i n October, a f t e r which a de c l i n e occurred. 
Although numbers of young s p i d e r s were i n excess 
of a d u l t s from December 1967 to J u l y 1968, biomass and 
biocontent always f e l l below that of mature s p i d e r s . 
The c o n t r i b u t i o n of young stages to t o t a l biocontent 
reached about 40% i n June, J u l y and August, In the 
remaining months, cont r i b u t i o n s were very much smaller, 
e s p e c i a l l y i n the autumn when large s p e c i e s had become 
mature. For example, immature s p i d e r s only made up 
4% of the monthly t o t a l i n October 1968. 
The seasonal pattern seen with density emd 
biomass, with low values i n spring and high values i n 
autumn, v/as equally apparent with biocontent. When 
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compared with the ground zone, high monthly c a l o r i f i c 
v alues were only a t t a i n e d i n the f i e l d l a y e r from 
August to October, 
( c ) Lower canopy 
Biocontent data (Table 101) shows a seasonal 
p a t t e r n which has already been described f or the f i e l d 
l a y e r . With fewer s p i d e r s per metre^, c a l o r i f i c values 
are much lower than i n the f i e l d l a y e r . Few, i f any, 
s p i d e r s overwinter so that biocontent was n e g l i g i b l e i n 
January and February. Maximum values were found i n 
2 
August and September with 309 and 322 c a l s per metre . 
A- sharp d e c l i n e to l e s s than 100 c a l s then occurred i n 
both years during October. 
The main con t r i b u t i o n of young stages i s 
represented by a sharp peak i n August when biocontent 
2 
reached l 8 8 c a l s per metre . Apart from J u l y aind August, 
adult biomass and hence biocontent exceeded values for 
immature stages. 
(d) Upper canopy 
Even allowing f or inadequate sampling of spiders ' 
at t h i s l e v e l , i t i s probable that f a r fewer spiders occur 
here than elsewhere. I n d i v i d u a l dry weights were a l s o 
low (-^^l mg). I n consequence, monthly biocontent was 
very low (Table 1 0 2 ) , While other l a y e r s y i e l d e d high 
2^6 
values i n la t e * summer and autumn, the upper canopy only 
achieved a biocontent of 58 cals per metre^ i n September. 
This amounted to less than a 1/5 of the biocontent i n the 
lower canopy i n the same month. 
The seasonal p a t t e r n was preserved, a l b e i t on 
a smaller scale and over a shorter period with c a l o r i f i c 
values r i s i n g i n the spring to reach the maximum i n 
September. Immature and adult c o n t r i b u t i o n s to monthly 
biomass were about the same. 
(e) T o t a l biocontent 
Biocontent i s r e l a t e d to biomass of adult spiders 
which not only have a greater weight than t h e i r young but 
y i e l d more c a l o r i e s per g (ash f r e e ) dry weight. Total 
standing crop i n terms of biocontent was highest i n 
September w i t h 2.2^Kcal per metre (Table IO3) . Biomass 
at the time was the maximum recorded during the i n v e s t i g a t i o n 
w i t h 395nig per metre^, and i n a l l s t r a t a adult spiders made 
the l a r g e s t c o n t r i b u t i o n . I n the f i e l d l a y e r , f o r instance, 
the females of large species which included Meta segmentata 
and Linyphia t r i a n g u l a r i s had become mature and laden w i t h 
eggs. 
The September peak was preceded by values i n 
excess of I K c a l during J u l y and August when the young 
of species i n the ground zone and f i e l d layer had increased 
i n size t o become sub-adult. I n October I968 biocontent 
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had declined from 2.248Kcal to l.yOlKcal per metre^, and 
so marked the end of a seasonal phase. Although a number 
of large species had died a f t e r o v i p o s i t i o n , Helophora 
i n s i g n i a and Lepthyphantes a l a c r i s were s t i l l a c t i v e 
and helped maintain a r e l a t i v e l y large standing crop i n 
November, 
An increase i n density i n the ground zone took 
place i n February which l e d to c o l o n i s a t i o n of the upper 
s t r a t a i n March and A p r i l , As spiders were a l l of small 
s i z e , even when mature, c a l o r i f i c values simounted to about 
0,6 and 0.7Kcal per metre^. The young of large species 
invaded the f o l i a g e from the ground zone i n May and June 
so i n c r e a s i n g biocontent to about O.SKcal, As these 
i n d i v i d u a l s underwent a s t r i k i n g increase i n size, they 
were responsible f o r the large c a l o r i f i c values recorded 
from J u l y t o November. 
( f ) Discussion 
Fig,50 depicts the l i k e l y changes i n density, 
biomass and biocontent which took place i n the study area 
from October 196? to November I968. Standing crop i n 
terms of dry egg weights and corresponding c a l o r i f i c 
equivalents were not i n v e s t i g a t e d . 
Density i s seen to f l u c t u a t e between 502 and 965 
2 
spiders per metre w i t h q u i t e a considerable change from 
one month to the next during some periods. The pattern 
2 ^ 
f o r the study area as a whole i s based on density 
i n the ground zone where numbers f a r exceeded those i n the 
s t r a t a above. 
The curves f o r biomass and biocontent (Fig,50) 
are much more even than density. This suggests th a t 
sampling e r r o r s alone are not responsible f o r the o s c i l l a t i o n s 
i n d ensity. Rather, t h a t biomass (dry weights) and biocontent 
are probably b e t t e r i n d i c a t i o n s of j u s t how much spider 
m a t e r i a l can be supported i n the h a b i t a t . 
While abundance eind biomass appear to be r e l a t e d 
i n a general way, increase i n biomass tends to l a g behind 
increase i n density. I n February an increase i n density 
i s seen to be followed by a small increase i n biomass i n 
March. Again, an increase i n density i n May i s followed 
i n June and J u l y by a corresponding increase i n biomass. 
This may be explained by v i s u a l i s i n g a hatching of eggs 
i n the ground zone, or the invasion o f , say, the f i e l d 
l a y e r , which i s then followed by a period of growth 
of i n d i v i d u a l spiders and. hence an increase i n population 
biomass, despite the m o r t a l i t y which occurs. The extent 
of the increase i n biomass w i l l depend as much on numbers 
as on the size of the species which make up the population 
at any given time. Large species w i l l i n f l a t e estimates 
of biomass aind t h e i r e f f e c t w i l l be seen i n large r a t i o s 
of biomass to density. 
2^9 
Biocontent i s c l e a r l y dependent on biomass, 
i n p a r t i c u l a r the population dry weights of adult spiders. 
This was s t r i k i n g l y seen i n November 1968 when, despite 
the increase i n density due to an appearance of large 
numbers of young spiders i n the ground zone, biomass and 
biocohtent both continued to decline. 
As f a r as i s known, no thoroufefe i n v e s t i g a t i o n s 
have been undertaken i n woodland to estimate standing crop. 
To what extent values at Wynyard are t y p i c a l , e i t h e r of 
woodlajid i n general, or of alder and b i r c h i n p a r t i c u l a r , 
or of a northern temperate region, must remain uncertain 
f o r the present. Sampling techniques were considered 
adequate f o r the ground zone, f i e l d l a y e r and lower ceinopy. 
The upper canopy requires s p e c i s i l i s t apparatus and time 
f o r a d e t a i l e d treatment on i t s own. I n the present 
s i t u a t i o n , however, i t must remain debatable whether the 
o v e r a l l estimates f o r the study area would have been much 
a l t e r e d by i n t e n s i v e sampling of the upper canopy. The 
c o n t r i b u t i o n of the ground zone w i t h a l l three parameters 
i s s t r i k i n g , bearing i n mind the volume of s o i l and l i t t e r 
which was sampled, when compared v/ith the volume of the 
s t r a t a above. 
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Table 99. Monthly biocontent (per metre ) of a l l spiders 
i n the ground zone 
2 
metre biocontent cals 
Month density biomass (mg) young adult Tote 
1^67 
Oct 873.6 135.3 193.6 559.7 753.3 Nov 689,6 118.3 218.2 ^38.9 657.1 Dec ^8^.8 117.4 191.9 461.2 653.1 
1968 
Jan ^92.8 113.3 265.1 362.2 627.4 
Feb 587.2 104,9 186.6 396.2 582.8 
Mar 576.0 117.0 268.1 380.5 648.6 
Apr 94.3 233.6 299.3 532.9 
May 596,S 139.3 266.8 506.9 773.7 
June 5^0.8 104.5 339.4 236.3 575.7 J u l y 585.6 126.7 360.0 339.8 699.8 
Aug 528.0 91.5 231.0 275.4 506.4 
Sept 691.2 178.5 271.9 721.4 993.3 Oct 523.2 138.1 204.9 564,2 769.1 
Nov 8lkA 152.6 261.1 587.1 848,2 
Table 100, Monthly biocontent (per metre^) of a l l spiders 
i n the f i e l d layer 
Oct 63 120.7 12.5 689.8 702,3 
Nov 44 33.4 14.7 178.8 193.5 
Dec 12 15.1 20.7 65.8 86.5 
1968 
Jan 9 12.3 13.6 57.1 70.7 
Feb 9 12.3 13.6 57.1 70.7 
Mar 23 15.5 16.3 72.8 89.1 
Apr 16.5 3^.3 59.4 93.7 
May 38 21.7 52.2 70.5 122.7 
June 57 30.9 65.8 109.5 175.3 J u l y 80 65.0 136.0 233.0 369.0 
Aug 66 106.8 197.0 411.3 608.3 
Sept 85 150.0 87.0 780.7 867.7 
Oct 53 141.0 31.0 794.1 825.1 
Nov 38 22.1 16,3 111.3 127.6 
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Table 101. Monthly biocontent (per metre^) of a l l spiders 
i n the lower canopy 
metre biocontent cals 
Month density biomass young adult Tota; 
1967 
Oct 21.5 31.1 15.2 164.9 180.1 
Nov 18.3 14.8 19.6 65.3 84,9 
Bee • 7.9 3.4 0 19.8 19.8 
1^68 
Jan 0 0 0 0 0 
Feb 0 0 0 0 0 
Mar 6.8 8.7 16.9 25.6 
Apr 11.6 8.5 16.9 31.4 48,3 
May 14.7 8.6 21.2 27.4 48,6 
June 22.9 15.9 36.5 53.6 90.1 
J u l y 21.0 29.5 93.6 71.6 165,2 
Aug 19.7 55.4 188.2 121.2 309.4 
Sept 20,8 56.3 78.3 244.1 322,4 
Oct 16.9 15.7 8.2 82.7 90.9 
Nov 13.0 7.6 ^.3 39.6 43.9 
Table 102, Monthly 2 biocontent (per metre ) of a l l spiders 
i n the ! upper canopy 
1967 
Oct 7.2 4.7 12.0 14.6 26.6 
Nov 7.1 5.2 16,9 12.2 29.1 
Dec 1.6 0 9.3 9.3 
1968 
Jan 0 0 0 0 0 
Feb 0 0 0„ 0 0 
Mar 5.1 2.2 8.2 4.1 12.3 
Apr 7.0 3.2 9.2 8.7 17.9 
May 6.2 4.4 16,9 7.6 24.5 
June 12.1 5.8 16.3 16.3 32.6 
J u l y 14.8 6.1 20.7 13.4 3^.1 
Aug 1^.3 6.1 13.1 21,5 3^.6 
Sept 16.7 10,2 22.3 35.5 57.8 
Oct 4.7 2.8 5.4 10.5 15.9 
Nov 2.4 0.6 3.3 0 3.3 
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Table 103, Total monthly biocontent (cals ^ 2 per metre ) 
i n the study area a t Wynyard 
ground f i e l d lower upper Total 
Month zone lay e r canopy canopy ( a l l S t 
1967 
Oct 753.3 702.3 180.1 26.6 1662.3 
Nov 657.1 193.5 84,9 29.1 964.6 
Dec 653.1 86.5 19.8 9.3 768.7 
1968 
Jan 627.4 70.7 0 0 698.1 
Feb 582.8 70.7 0 0 653.5 
Mar 648.6 89.1 25.6 12.3 775.6 
Apr 552.9 93.7 48,3 17.9 692.8 
May 773.7 122.7 48,6 24 .5 969.5 
June 575.7 175.3 90.1 32.6 873.7 
J u l y 699.8 369.0 165,2 34.1 1268.1 
Aug 506.4 608.3 309.4 34.6 1458.7 
Sept 993.3 867.7 322.4 57.8 2241.2 
Oct 769.1 825.1 90.9 15.9 1701.0 
Nov 848.2 127.6 43.9 3.3 1023.0 
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GENERAL DISCUSSION 
1, L i f e cycles 
The e l u c i d a t i o n of energy flow i n species populations 
can only spring from a knowledge of l i f e cycles' uAder f i e l d 
c o n d i t i o n s . 
Ecological studies on spiders generally f a l l i n t o 
one of two groups. F i r s t , those which represent surveys 
of communities i n which adults only are named and described 
(e.g. Turnbull I96O; Luczak I963, 1966; Duffey I962, I968), 
The second group i s concerned w i t h some of the f a c t o r s which 
i n f l u e n c e the m i c r o d i s t r i b u t i o n of adults (e,g. Sav;a,ry 1930; 
N^iPgaard 1951, 1952; Cherrett I96I).. Immature stages a'-e 
r e f e r r e d to i n a c o l l e c t i v e sense (Gabbutt 1956; Cherrett i96l), 
Single species populations, comprising a l l developmental stages 
have r a r e l y been q u a n t i t a t i v e l y expressed. In preliminary 
studies on production of spiders, Breymeyer (I967) has described 
the s t r u c t u r e of a population of Trochosa r u r i c o l a while 
Kajak (1967) has done the same f o r Araneus quadratus, 
A.cornutus sind Singa hamata. 
One of the d i f f i c u l t i e s i s the i d e n t i f i c a t i o n of 
immature stages, e s p e c i a l l y i n f a m i l i e s other than the 
Argiopidae, However, the present study has shown t h a t 
i n a r e s t r i c t e d area i t . i s possible to e s t a b l i s h f i l i a l 
connections betv/een the adults and young of at l e a s t aa few 
species, Breymeyer (I967) was able to d i s t i n g u i s h the 
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•immature stages of Trochosa r u r i c o l a from those of other 
wandering spiders. 
The c l a s s i f i c a t i o n of spiders i n terms of the duration 
of l i f e cycles i s d i f f i c u l t except i n a r e s t r i c t e d area. 
Although i n t e r s p e c i f i c differences occur, f o r example, 
Atypus a f f i n i s has a l o n g e v i t y of 4 years (Bristowe 1959) 
while C i n i f l o s i m i l i s lays eggs only a f t e r 2 years have elapsed 
(Cloudsley-Thompson 1955)t regional v a r i a t i o n s also arise as 
w i t h Meta merianae (Cherrett I96I, Turnbull 191'©). 
The study of the spider community at Wynyard 
suggests that species i n h a b i t i n g the l i t t e r layer have an 
overlap of generations since they are able to reproduce 
continuously throughout most of the year. I n the f o l i a g e 
above, most species have w e l l defined cohorts, e.g. Meta 
segmentata, Helophora i n s i g n i s . sind Linyphia t r i a n g u l a r i s , 
imposed presumably by the r e s t r i c t e d growing season. 
A l l species at Wynyard appeared to complete t h e i r 
l i f e cycle w i t h i n 12 months. Within the ground zone the 
m a j o r i t y of species passed the winter as ad u l t s . I n the 
f i e l d l a y e r , some species l i k e M,segmentata, H,insignis, 
L. t r i a n g u l a r i s , aind Lepthyphantes a l a c r i s , l a i d t h e i r egg® 
i n the autumn and hatching took place i n the f o l l o w i n g spring 
and e a r l y summer. Those species which were dominant as 
ad u l t s i n the spring and e a r l y summer overwintered as adults 
or sub-adults. These were Theridion pictum, Meta segmentata 
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mengei, C o r n i c u l a r i a cuspidata, Trachynella nudipalpis and 
Linyphia p e l t a t a . 
The general conclusion i s t h a t to ensure s u r v i v a l of 
the population i n the f o l l o w i n g year, spiders i n woodland 
overwinter e i t h e r as diapause eggs or as r e l a t i v e l y advanced 
stages w i t h reserves of (food) body f a t . Although eggs of 
l i t t e r forms l i k e R , l i v i d u s may hatch i n January or February, 
m o r t a l i t y i s l i k e l y to be heavy i f very cold conditions p e r s i s t . 
With an overlap o f generations, some l a t e i n s t a r s w i l l survive 
to mature and l a y eggs when favourable conditions r e t u r n . 
The emergent stages of Meta merianae and Araneus 
cornutus apparently overwinter i n pennine moorland (Cherrett. 
1961), The very low temperatures which p r e v a i l during the 
w i n t e r a t tha t e l e v a t i o n would presumably depress metabolic 
r a t e s considerably, and so reduce d r a s t i c a l l y energy loss at 
a time when feeding did not occur. Although Miyashita (I969) 
has detected diapause i n the penultimate stage of Lycosa 
T-insignata, the extent o f t h i s phenomenon i n spiders i s 
not known (Dondale and Legendre 1971). 
I n terms of l i f e cycles at Wynyard, spiders could 
be d i v i d e d i n t o 3 main groups. F i r s t , those that reproduce 
more or less continuously and r e l y on advanced developmental 
stages f o r s u r v i v a l during the w i n t e r . This group includes 
the m a j o r i t y of ground zone forms such as R , l i v i d u s . Second, 
spiders which have w e l l defined cohorts t o ensure th a t most of 
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the population reaches m a t u r i t y to l a y eggs by the onset of 
w i n t e r . These include M.segmentata w i t h eggs apparently 
undergoing diapause. T h i r d , spiders w i t h less w e l l defined 
cohorts which nevertheless ensure t h a t some advanced stages 
overwinter to e x p l o i t the environment immediately favourable 
c o n d i t i o n s r e t u r n i n the spr i n g . This group includes 
M,segmentata mengei and Trachynella nud i p a l p i s . 
2,' Energy flow 
The t o t a l energy assimilated (A) by species 
populations may be estimated from A = C - FU and/or 
A = R + P (nomenclature a f t e r Petrusewicz and Macfadyen 1970). 
Both equations have been the subject of investigation/e^'' 
Wiegert 1964; Smalley I96O;, McNeill 197V; Manga 1970). 
Apart from the pr e l i m i n a r y study of Kajak (I967) which involved 
a number of assumptions, the values i n the equation have not 
been p r e c i s e l y determined f o r spiders. 
Estimates of a s s i m i l a t i o n from the sum of 
r e s p i r a t i o n (R) aind production (P) has been made by Saito 
(1965, 1967) and Whignarajah (I968). Although t h i s equation 
was used i n the present study, i d e a l l y A should be a r r i v e d a t 
by two independent pathways ( P h i l l i p s o n I967). 
• From the Second Law of Thermodynamics the energy 
a v a i l a b l e f o r carnivores w i l l be less than that f o r herbivores 
i n most cases. This i s borne out by the data i n Table 104. 
With the exception of the m i r i d bug Leptoterna dolabrata 
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the species populations of primary consumers were represented 
by numerous i n d i v i d u a l s , and were e i t h e r dominant or sole 
representatives of t h e i r respective orders. 
While Nebria b r e v i c o l l i s (Manga 1 9 7 0 ) was the 
dominant carabid beetle i n an area of grassland, the centipedes 
studied by Whignarajah ( 1 9 6 8 ) were the sole chilopod's i n the 
study area at Wynyard. The spider, RJLividus, ranked f i f t h 
i n the order of numerical dominance i n the ground zone a t 
Wynyard, Besides being a common species i n the f i e l d l a y e r , 
M,segmentata had the l a r g e s t i n d i v i d u a l biomass i n the study 
area as a whole. While R . l i v i d u s was ac t i v e throughout the 
year, the a r g i o p i d species was seen only from A p r i l to October, 
( i ) Maintenance metabolism (R) 
The present work has shown the dependence of 
r e s p i r a t i o n on temperature and accords w i t h the r e s u l t s of 
Miyashita ( I 9 6 9 ) and Anderson ( 1 9 7 0 ) , Values of weight 
s p e c i f i c metabolism were converted to c a l o r i f i c equivalents 
on the basis of 4 , 8 K c a l / l i t r e of oxygen. The d a i l y loss 
several species of spiders i s given i n Table 105, 
Precise comparisons are d i f f i c u l t t o make because 
experimental animals, at d i f f e r e n t stages of development, have 
been subjected to d i f f e r e n t temperatures. While Q^Q values 
have been used to standardise rates (Engelmann I 9 6 6 ) , they 
are themselves temperature dependent. 
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Table 104, Some a s s i m i l a t i o n values f o r species populations 
of t e r r e s t r i a l i n v e r t e b r a t e s (Kcals/m^/annum) 
Primary consumers 
Ligidium japonicum 
Japonaria l,armigera 
Orchelimum f i d i c i n i u m 
Philaenus spumarius 
fleptoterna dolabrata 
Pogonomyrmex badius 
Secondary consumers 
L i t h o b i u s f o r f i c a t u s 
L , c r a s s i p e s 
Nebria b r e v i c o l l i s 
Robertus l i v i d u s 
Meta segmentata 1968 
** 1969 
19 ( S a i t o 1965) 
58 ( ) 
29 (Smalley I960) 
39 (Wiegert 1964) 
0,126 (McNeill 1971) 
31 (Golley^ l 9 6 0 ) 
2,080 (Whignarajah I968) 
1.340 ( , , , , ) 
0.803 (Manga 1970) 
4.595 "niis t h e s i s 
1.894 , , 
2.377 
The range of values given i n Table IO5 i s small despite 
d i f f e r e n c e s i n experimental d e t a i l s . The higher end of the 
range f o r R . l i v i d u s and M.segmentata r e l a t e to young stages, 
which per u n i t weight and time have a higher metabolic r a t e 
thsin a d u l t s . The e f f e c t s of walking and r e s t i n g s t a t e s 
on l o s s of energy i s s t r i k i n g l y shown by Lycosa T-insignata. 
I t r a i s e s the vexed problem of whether r e s p i r a t o r y energy 
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l o s s of mobile animals i s the b e t t e r guide to the s i t u a t i o n 
i n the f i e l d . 
The constant pressure respirometers of Kajak (1967) 
were run at 20'C only, although the mean f i e l d temperature 
was l4.3»C. Over-estimates of energy l o s s were considered 
adequate compensation f o r l a c k of mobility i n experimental 
animals. Breymeyer (I967) subjected s p e c i e s of wsindering spiders 
to temperatures of between 15'C and 30'C, 
In the present study respirometers were run at 
5', 10' and 15'C to cover the l i k e l y rainge i n the f i e l d . 
Regression equations were used to r e l a t e r e s p i r a t o r y r a t e s 
to f i e l d temperatures. This approach has been used by 
Dutton (1968), Manga (1970), and Whignarajah (I968) with 
s p e c i e s of predatory arthropods. 
The maintenance cost (R) of the species populations 
of s p i d e r s , expressed as a r a t i o of production ( P ) , came to 
1,5% i n R , l i v i d u s and 1.2?^ aind 1,3% i n M,segmentata, These 
values are e v i d e n t l y t y p i c a l of poikilotherms ( P h i l l i p s o n I966) 
s i n c e body heat has not to be generated as i n homiotherms. 
The P/R r a t i o used by some authors varied betv;een 
67% and 83% i n the present work, A value of 579^  was 
c a l c u l a t e d from the data of Kajak (I967) on Araneus quadratus. 
Comparable values of about 50?^ were obtained f o r c e r t a i n 
orthopteran s p e c i e s by Wiegert (I965) and Smalley (I96O), 
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H i g h e r percentages o f about 100?^ were found i n a c a r a b i d 
b e e t l e (Manga 1970) and a mi'^ r i d bug ( M c N e i l l 1979), 
c 
The h i g h e s t v a l u e so f a r r e c o r d e d i s 12k%. i n Chorthippus 
p a r a l l e l u s ( Q a s t r a w i 1966). The s i g n i f i c a n c e o f these 
d i f f e r e n c e s i s n o t c l e a r . However,ia centipedes which have 
a l i f e span i n excess o f two ^ e a r s , a low value o f k% was 
o b t a i n e d (Whignarajah 1968). I t appears t h a t e c o l o g i c a l 
l o n g e v i t y and p o s s i b l y a s s i m i l a t i o n e f f i c i e n c y (G/C) 
villi i n f l u e n c e P/R r a t i o s . 
( i i ) P r o d u c t i o n (P) 
The components o f p r o d u c t i o n (P) are Pg + Pr + ML + U, 
t o w hich r e f e r e n c e has a l r e a d y been made i n the a p p r o p r i a t e 
s e c t i o n s . 
P o p u l a t i o n p r o d u c t i o n a r i s i n g t h r o u g h growth (Pg) 
i s c a l c u l a t e d f r o m s u r v i v o r s h i p and i n d i v i d u a l growth curves, 
th e methods f o r which are g i v e n by Petrusewicz and Macfadyen 
(1970), Table IO5 g i v e s t h e d a t a so f a r p u b l i s h e d on s p i d e r s . 
Since t h e r e s u l t s o f KajaJc and Breymeyer were expressed i n 
millegrammes, t h e c o r r e s p o n d i n g c a l o r i f i c v a lues were o b t a i n e d 
by m u l t i p l y i n g w e i g h t u n i t s by 5.8Kcal/g d r y w e i g h t . 
Cohorts were r e c o g n i s a b l e i n a l l species g i v e n i n 
Table IO6 w i t h t h e e x c e p t i o n o f R . l i v i d u s . The p a t t e r n o f 
development was c o m p l i c a t e d i n the l a t t e r by an extended 
b r e e d i n g p e r i o d . However, by c o n s i d e r i n g the d i s c r e t e number 
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o f i n d i v i d u a l s (Vs) p a s s i n g through the p o p u l a t i o n , a 
•mean* c o h o r t was envisaged, and from which a s u r v i v o r s h i p 
curve was drawn. 
P^ was determined s e p a r a t e l y i n R . l i v i d u s since 
g r a v i d females were r a r e l y c a p t u r e d . I n the a r g i o p i d , 
Pr was f i r s t i n c o r p o r a t e d i n the e s t i m a t e f o r Pg, From 
the d a t a on weig h t o f eggs produced by the p o p u l a t i o n , 
e s t i m a t e d i n d i r e c t l y from the r e l a t i o n between body and 
cocoon w e i g h t s , Pr c o u l d be deduced. 
P r o d u c t i o n from c a s t s k i n s (KL) was about the same 
f o r b o t h s p e c i e s , c o n s t i t u t i n g S% o f t o t a l p r o d u c t i o n ( P ) , 
There are no p u b l i s h e d d a t a f o r s p i d e r s b u t the r e s u l t s 
compare w i t h k,3% i n L e p t o t e r n a d o l a b r a t a ( M c N e i l l 197') 
and 2% in a c a r a b i d b e e t l e (Manga 1970), 
E x c r e t i o n (U) was n o t i n v e s t i g a t e d i n e i t h e r species 
o f s p i d e r s . The m a t e r i a l i s l e i r g e l y f l u i d and presumably 
the amount depends on f e e d i n g r a t e s which are best e s t i m a t e d 
i n the l a b o r a t o r y . I t should be p o s s i b l e t o r e l a t e U t o 
i n c r e a s e i n we i g h t i n d e v e l o p i n g s p i d e r s . An es t i m a t e 
o f t h i s parameter might then be r e l a t e d t o growth increments 
i n f i e l d p o p u l a t i o n s . The c a l o r i f i c value o f s p i d e r 
excrement i s n o t known. Ac c o r d i n g t o Gilmour ( I 9 6 I ) , 
quanine i s an i m p o r t a n t component. 
A p r o v i s i o n a l and, perhaps d e b a t a b l e , e s t i m a t e of 
e x c r e t i o n was made by Kajak ( I 9 6 7 ) f o r Araneus quadratus. 
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I f t he f i g u r e o f 26?^ o f p r o d u c t i o n (Pg) i s r e a l i s t i c , then 
e s t i m a t e s o f p r o d u c t i o n (P) which l a c k the element U w i l l 
] 
be s e r i o u s l y u n d e r - e s t i m a t e d . 
The value o f Kajak's (I967) p r e l i m i n a r y s t u d i e s , 
d e s p i t e the l i m i t e d d a t a , i s t h a t p r o d u c t i o n was examined 
over 2 y e a r s . The degree o f f l u c t u a t i o n which may be 
encountered i n f i e l d p o p u l a t i o n s was shown by A.quadratus 
i n w hich p r o d u c t i o n (Pg) on one year was one t e n t h t h a t 
o f t h e p r e v i o u s y e a r . 
No study so f a r , i n c l u d i n g the present work, 
has p r o v i d e d an e s t i m a t e o f p r o d u c t i o n from the webs used 
t o ensnare p r e y , 
( i i i ) A s s i m i l a t i o n (A) 
The l e v e l o f a s s i m i l a t e d energy f o r s e v e r a l 
s p e c i e s o f i n v e r t e b r a t e s i s g i v e n i n Table 10k, I n the 
case o f the ant c o l o n y , P.badius, t h e h i g h value r e s u l t s 
f r o m h i g h r e s p i r a t o r y r a t e s . I n c e n t i p e d e s , which are 
l o n g - l i v e d p o i k i l o t h e r m s , as much as 95?^ o f the a s s i m i l a t e d 
energy i s expended t h r o u g h maintenance ( R ) , compared w i t h 
j u s t over h a l f i n the s p i d e r s , R . l i v i d u s , and M.segmentata, 
which are r e l a t i v e l y s h o r t - l i v e d . 
I n t h e grasshopper, Orchelimum f i d i c i n i u m , 
( Smalley I96O), f l u c t u a t i o n s i n energy f l o w were out o f 
phase w i t h d e n s i t y and biomass. W i t h a s t a b l e age 
d i s t r i b u t i o n i n c e n t i p e d e s (\iJhignarajah I968), changes 
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i n a l l t h r e e parameters c o i n c i d e d . I n R . l i v i d u s , the 
emergence o f young s p i d e r s occurred when a d u l t females 
were a l s o much i n evidence. Hence, the h i g h l e v e l o f 
energy f l o w c o u l d be r e l a t e d t o d e n s i t y and biomass. 
However, i n w i n t e r a h i g h d e n s i t y o f emergent s p i d e r s 
i s out o f phase w i t h b o t h biomass and metabolism, since 
a d u l t s p i d e r s are n u m e r i c a l l y low and f i e l d temperatures 
have f a l l e n . The l a r g e s i z e o f a d u l t females i n M.segmentata 
l e d t o a c o r r e l a t i o n between biomass and a s s i m i l a t e d energy 
d e s p i t e a d e c l i n e i n numbers. 
I n the a r g i o p i d s p i d e r , t h e h i g h l e v e l o f 
a s s i m i l a t i o n (A) by the p o p u l a t i o n preceded the mass l a y i n g 
o f eggs. The peak energy f o r c a r a b i d b e e t l e s occurred 
j u s t b e f o r e diapause. I n some cases i t seems t h a t maximum 
energy f l o w i s r e l a t e d t o major events i n l i f e - h i s t o r i e s . 
The mean n e t p r o d u c t i o n e f f i c i e n c i e s (P/A) o f 
between kO% and 46% f o r b o t h species o f s p i d e r s agree 
\-d.th those r e c o r d e d by s e v e r a l a u t h o r s ( e . g . Wiegert 1964; 
S a i t o 1967; Manga 1970) f o r i n v e r t e b r a t e s . However, the 
r a t i o may n o t be c o n s i s t e n t t h r o u g h o u t the l i f e - c y c l e . 
The e a r l y i n s t a r s o f s p i d e r s g e n e r a l l y have low P/A r a t i o s 
because o f r e l a t i v e l y h i g h r e s p i r a t o r y r a t e s . Growth 
e f f i c i e n c i e s (G/C) may a l s o r i s e w i t h age as i n Araneus 
quadratus and A.cornutus (Kajak I967). 
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I n a r e v i e w o f t h e l i t e r a t u r e , M c N e i l l and 
Lawton (1970) concluded t h a t mean n e t p r o d u c t i o n e f f i c i e n c i e s 
t e n d t o i n c r e a s e as t o t a l annual p r o d u c t i o n (P) f a l l s . T h is 
a b i l i t y t o compensate f o r r e s t r i c t e d l e v e l s o f P can a l s o 
51-PPly t o p a r t i c u l a r developmental stages as i n M.segmentata 
d u r i n g 1968, On t h e o t h e r hand, growth e f f i c i e n c y (G/C) 
i n A.quadratus (K a j a k I967) was h i g h e r i n those stages which 
ex p e r i e n c e d f o o d s h o r t a g e s . 
The j u v e n i l e s ( m a i n l y i n s t a r 3) and a d u l t s o f 
R . l i v i d u s o v e r w i n t e r and have a p r o d u c t i o n i n excess o f 
log,P= 0, On t h e o t h e r hand, M.segmentata passes the 
w i n t e r I n t h e egg stage and p r o d u c t i o n i s l o g , p<0. 
These ' l i f e - h i s t o r y e f f e c t s ' ( M c N e i l l and Lawton 1970) 
i n s h o r t - l i v e d p o i k i l o t h e r m s may be e x p l a i n e d by the need 
t o i n c r e a s e annual p r o d u c t i o n t o o f f s e t the h i g h cost o f 
m a i n t a i n i n g i n d i v i d u a l s d u r i n g the w i n t e r when p r o d u c t i o n 
i s n e g l i g i b l e . I n terms o f the s p i d e r community as a 
whole, i t a l s o h e l p s e x p l a i n why emergent stages and sub-
a d u l t s , w i t h r e l a t i v e l y h i g h r e s p i r a t o r y r a t e s , are 
n u m e r i c a l l y low d u r i n g t h e w i n t e r months. 
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APPENDir i 
R.lividus Numbers of ins t a r 1 + 2 extracted per sample unit, 
1967-68 
Sample units 
1 2 3 4 . 5 6 7 8 9 10 
Oct 0 0 7 5 2 3 9 2 4 1 
Nov 0 3 10 3 0 3 6 0 9 0 
Dec 1 0 0 3 5 8 0 4 0 1 
Jan 0 5 17 4 10 2 0 0 9 6 
Feb 0 6 13 0 10 0 7 17 5 6 
Mar 5 5 0 27 8 8 0 14 3 0 
Apr 0 0 0 '8 7 2 1 5 3 5 
May 0 4 9 11 5 0 0 8 13 11 
Jun 0 0 3 0 12 0 5 2 1 0 
J u l 0 0 1 0 2 0 0 1 0 1 
Aug 0 1 0 0 1 2 0 0 0 0 
Sep 1 7 2 3 33 2 0 2 0 1 
Oct 3 2 2 5 10 1 1 5 3 13 
Nov 0 7 9 6 5 0 4 6 6 0 
(Log (N + 1) transformations used) 
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R.lividus Numbers of ins t a r 3 extracted per sample unit, 
1967-68 
Sample units 
1 2 3 4 5 6 7 8 9 10 
Oct 0 2 0 3 2 0 1 2 0 1 
Nov 0 4 3 1 0 0 2 3 0 0 
Dec 0 2 1 1 0 1 2 0 0 0 
Jan 0 4 8 2 5 0 0 0 2 2 
Feb 0 0 0 0 2 2 0 0 4 2 
Mar 0 0 0 0 1 0 2 0 1 0 
Apr 3 4 3 1 0 0 5 3 1 0 
May 0 2 0 3 0 0 0 2 0 0 
Jun 1 0 3 1 2 3 0 0 2 0 
J u l 2 4 2 2 4 1 4 2 3 5 
Aug 0 3 1 1 3 0 0 0 2 1 
Sep 2 2 4 6 3 2 0 5 2 0 
Oct 0 0 3 0 4 I 0 1 1 4 
Nov 0 1 0 2 1 2 1 0 0 2 
(Log (N + 1) transformations used) 
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R.lividus Total numbers extracted per sample unit, 
1967-68 
Sample units 
1 2 3 4 5 6 7 8 9 10 
Oct 3 3 7 9 5 5 10 4 •4 2 
Nov 1 8 16 6 1 3 9 5 10 0 
Dec 3 2 3 6 5 10 2 4 0 1 
Jan 3 9 25 6 15 3 1 1 1 8 
Feb 2 6 15 1 12 3 7 17 10 8 
Mar 5 5 1 33 12 9 3 16 4 1 
Apr 5 5 4 9 7 6 7 8 6 7 
May 3 8 12 15 5 2 4 12 13 12 
Jun 3 1 8 5 14 5 8 5 7 2 
J u l 4 . 4 4 3 7 6 4 3 4 7 
Aug 0 4 2 2 6 3 0 0 3 2 
Sep 4 11 8 11 37 6 1 9 4 3 
Oct 4 3 8 6 14 3 3 8 6 17 
Nov 4 10 10 9 8 5 7 8 8 5 
(Log (N + 1) transformations used) 
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R.lividus 
Test! of homogeneity Seasonal distribution of inst a r 4, 1967-68 
•winter' •Spring^ 'Summer' 'Autunm 
Dec 2 Mar 5 Jun 20 Sep 12 
Jan 3 Apr 12 Ju l 5 Oct 10 
Feb 4 May 4 Aug 8 Nov 15 
ZX 9 21 33 37 
X2 10.02 0.64 2.56 5.76 
EN = 100 
N = 25 
i'^ . = 18.98 (p-C 0.001) 
(3) 
Test of homogeneity Seasonal distribution of adults, 1967-68 
'Winter' 'Spring' 'Summer' 'Autumn' 
Dec 5 Mar 5 June 3 Sep 8 
Jan 3 Apr 2 July 7 Oct 3 
Feb 3 May 11 Aug 1 Nov 6 
P 13 18 11 17 
X2 0.197 0.742 0. 932 0.361 
EN 
N 
59 
14.7 
= 2.232 (p>', 0.05) 
